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Comments by the
Director-General

As a recent Nobel laureate pointed out, the situation
following a significant discovery in molecular biology is
in many ways analogous to what happens when an ant
suddenly finds food. The ant walks back to the ant hill
leaving a trail of food-signalling substances. The other
ants quickly follow the path of these food attractants
to benefit from the discovery and continue to do so
as long as the supply is rich. Then they switch to
another source opened by another pioneer. If we could
understand the language of the ants we would probably
hear the same agitation and excited discussions that
one can hear in laboratories when new knowledge is
suddenly uncovered.
In the late seventies recombinant DNA techniques provided such an unanticipated and superabundant source,
and those who first invented the techniques in the
US were very eager to explore them to collect new
information. Europe followed at a slower pace and many
laboratories in the Member States of EMBL are only
now reaching pr.oficiency in this technology. During
the last one to two years it has become quite clear
that the recombinant DNA revolution is a technological
revolution, with applications in and consequences for
many biological problems. However, we are also quickly
coming to appreciate that gene cloning and sequencing,
while providing an almost embarrassing wealth of information about the primary structure of genes, their
arrangement and their flexibility, will not alone solve
the central questions of molecular and cellular biology.
For example, having available cloned genes of integral
membrane proteins will certainly contribute to the solution of the question of how proteins are sorted and
dispatched in cells but experiments done recently both
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at EMBL and elsewhere show that the answer to this
problem will require more than in vitro mutagenesis of
the cloned genes and their reintroduction in appropriate
cells.
During the last year it has been amply documented
that EMBL has built up a unique programme in one
conceptually new area, molecular cell biology, that has
now come to fruition. And however odd it may sound,
EMBL is already suffering from its success. Several of
the scientists in the Cell Biology Programme working
on intracellular transport of macromolecules and membrane polarisation have recently been offered positions
in the USA at high levels. The European molecular biology community by contrast has not yet registered the
strong scent of food attractants from this field. We are,
therefore, facing a situation where a first-class scientific
effort in EMBL might mainly benefit US science instead
of that of the Member States of EMBL.
The remedy to this situation is to continue the Cell
Biology Programme at EMBL until our Member States
have recognized the importance of this field, but we
also have cons6iously to accept that individuals who
reach international preeminence become internationally
sought after. If the laboratories in Europe, due to
failure to recognize a new field or to lack of flexibility,
cannot compete with those in the USA in attracting
such high flyers many will emigrate. Fortunately science
is international and ultimately Europe will benefit, at
least at second hand, irrespective of where the best
scientists are stationed. It is, however, saddening
that the European effort in many facets of cellular and
molecular biology follows more often than leads, and
that we have become almost conditioned to looking to
the US to understand the importance and significance
of new developments.
The last decades provide numerous examples of this
pattern, where discoveries were made in Europe, but not
until the USA realized their significance and potential,
sometimes in a somewhat different context, did Europe
react. Amino-acid sequence analysis and development

of protein separation techniques might serve as examples on the technical side. The early vigorous efforts
in the UK and France to solve the structure of DNA,
crack the genetic code and postulate the regulation of
gene expression through repressors led immediately to
a strong emphasis on molecular genetics in the US. The
molecular mechanisms of DNA replication and bacterial
repression were therefore clarified there. In the long
perspective the American strength in molecular genetics
probably influenced the development of the recombinant
DNA technology. The failure to patent the hybridoma
technology in the UK, where it was discovered, may
illustrate our slowness to bridge the technology gap.
Clearly we in Europe too often lack the intellectual
stimulation, the competitive thrust and the flexibility
characteristic of the USA at both the scientific and
administrative levels. The EMBL which was meant to
set a new pattern of collaboration between the Member
States should be encouraged to provide this flexibility,
but it has recently suffered from several difficulties, basically stemming from attitudes inherent to the national
enterprises in Europe. Because of national traditions
and prejudices our attempts to introduce more flexibility
with regard to contract policy and financial management
of the EMBL have proven difficult to achieve.
Since the cost of EMBL amounts only to the price of
a modest laboratory at the national level, it is difficult
to understand why this small international investment
cannot be used in an outright attempt to be innovative,
and to create the flexibility and scientific environment
of the best institutions in the USA. Even if Europe has
faced an economic recession that fortunately appears
to be slowly lifting, we should not forget that the
yearly contributions to EMBL from each Member State
are orders of magnitude smaller than the contributions
to other international organisations. To achieve this
flexibility we probably need a direct involvement of the
very best European scientists in the policy decisions of
the Laboratory, those who can set priorities independent
of national prejudices. If the scientists of the Member
States had a more overt influence on the policy and the

decisions at EMBL, the Laboratory might become as
successful as its sister organisation the EMBO.
In spite of these shortcomings, the last year has definitely shown that we are on the right track in the
development of the intellectual atmosphere at EMBL.
The Cell Biology Programme, which owes much to
my predecessor, was recently reviewed and the review
board clearly stated that this programme was outstanding and should be continued at EMBL; in their own
words, "The Cell Biology Group at EMBL has emerged
as one of the leading groups in the world". Several
of the scientists received considerable praise from the
reviewers. Furthermore the UK, which announced in
1983 that it would review its membership of EMBL,
identified, through a site visiting committee appointed
by the Medical Research Council, several projects which
had been successful; at the same time the site visitors
indicated that they could see great promise for the
future. In their summary they emphasized that there
was very little evidence to persuade them that the same
amount of money spent in the UK, in addition to that
already invested nationally in molecular biology, would
purchase an equivalent amount of work of equal quality.
They specifically emphasized: "New and potentially
important areas of science, not yet strongly represented
in this
(the UK), are being exploited and,
by international collaboration, a critical mass - and a
training nucleus - can be built up in a way which would
be impossible in anyone country's domain."
Given this situation, and the modest size of the financial
contributions to this Laboratory, why not use EMBL as
an experiment to establish an intellectual environment
comparable to that of the best laboratories in the world.
We should attempt to do this without being obliged
to conform to several national policies concerning employment which, as national experience shows, often
militate against the scientific endeavour. The EM BL
provides an opportunity to tryout in a European context
several innovations which are proving successful in
some US laboratories.
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PLATE 1
A remodelled laboratory on the 6th floor for the Differentiation Programme.
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We had hoped that our new Scientific Programme would
provide the basis for such an effort. Now that the
Laboratory has reached its final size, has developed
a Cell Biology Programme of world renown and has
many other areas of great potential, we can but hope
that we shall be allowed to live in peace for the next
2 to 3 years, without threats of withdrawal from the
Member States, or cheeseparing of our budget. Building
up the scientific programme rather than dealing with
lesser administrative problems should be the major
preoccupation - it is a full-time and difficult job in the
face of competition from across the Atlantic. We have
during the last year tried to please everybody, but that
obviously only irritates some. In spite of these minor
problems the scientific results from EMBL and their
international impact are steadily increasing. One sign
of this recognition is that Greece has decided to join the
Laboratory from 1984, although the formal ratification
of the Agreement has not yet taken place, and other
countries which participate in the EMBO programmes
are actively discussing membership of the Laboratory.
Several contributions of the Laboratory in Heidelberg
and its outstations during the last year deserve special
comments.

on the function of v-one and e-one genes in several
different systems. Erwin Wagner, an Austrian, coming
from the Fox Chase Cancer Center in Philadelphia, has
also joined us as a group leader to take advantage
of some of the one genes and other cloned genes to
study mouse development. These five groups with a
preexisting group, led by Rodrigo Bravo and interested
in growth control of mammalian cells, have been housed
together on the renovated 6th floor. Although 5 of these
groups have only been with us for half a year some
interesting results are already emerging. One of the
two one genes present in an avian erythroleukemia virus
is sufficient for transformation. In an elegant study in
collaboration with a group in London it has been shown
that the product of this gene, erb B, which codes for
a plasma membrane glycoprotein, must be deposited
in the plasma membrane in order to transform the cell.
Furthermore the erythroblasts become insensitive to the
transforming capacity of this gene product when they
proceed through differentiation. New one-genes from
mouse DNA have in addition been isolated through an
ingenious approach utilizing transfection with one retrovirus promoter element to increase the expression of
cellular DNA sequences which might have transforming
capacity in the mouse cell.

Differentiation

Gene identification

Through an extensive remodelling of the Laboratory by
a devoted general services crew, it has been possible
to introduce the new Differentiation Programme first
on the 6th floor of the main Laboratory in Heidelberg
(Plate 1) and additional space will soon be available
on the 5th floor. We have been able to recruit several
groups in the new Differentiation Programme and in
July 1983 Thomas Graf joined us as its coordinator. He,
together with Hartmut Beug, is using retroviruses as
tools to study haematopoietic cell differentiation. They
have been complemented with two new group leaders
proficient in recombinant DNA techniques: Rolf MOiler
who returned to the Federal Republic of Germany from
the Salk Institute, San Diego, and Bjorn Vennstrom who
came from the Biomedical Center, Uppsala, are working

Several of the groups previously engaged primarily in
recombinant DNA research, and for the time being
included within the Differentiation Programme, have
made remarkable contributions during the last year.
The "brute force" approach to collect interesting eDNA
clones from human fetal liver, described in last year's
report, has been very fruitful and has led to the characterization of several human genes of both basic and
applied interest. A family of human apoferritin genes,
two genes of human haptoglobin, the genes for human
retinol-binding protein, C-reactive protein, and several
other previously uncloned genes have been isolated
from this library. The detailed control mechanisms
concerning the expression of some of these genes in
liver and other human tissue can now be attacked.
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Techniques have also been developed which facilitate
walking along the chromosomes of mouse and man
utilizing methods that have partly been developed at
EMBL. By first making microclones from pieces of
one specific mouse chromosome and then using these
microclones to identify relevant cosmids by direct recombination in bacteria, it has been possible to obtain a
whole library of cosmids specific for mouse chromosome
17. This approach has been developed to identify
several of the genes in the so called Tit-complex region
of chromosome 17 in the mouse, a region involved in
early mouse development. This technique to collect
chromosome-specific clones will surely have wider applications.

Cell biology
As already mentioned the Cell Biology Programme has
received much praise in two recent reviews. Using
monoclonal antibodies and transfection with eDNA it
is theoretically possible to study intracellular transport
of cellular products. It might therefore no longer be
necessary to have to rely on viral systems to study
intracellular transport of proteins. With the help of
monoclonal antibodies several of the normal cellular
products should be identifiable provided that gene expression can be amplified to a detectable level. The
difficulties of achieving amplification of expression from
eukaryotic vectors in differentiated cells have not yet
been solved but several attempts in this direction have
been made during the last year.
With a familiar virus gene as a model, the glycoprotein
from Semliki Forest virus (SFV) has been expressed
from a cloned eDNA. Authentic SFV membrane glycoprotein is synthesized when the gene is introduced
into a vector that will replicate in mammalian cells.
All the functional properties of the glycoproteins are
retained under these conditions including the possibility
of inducing cell-to-cell fusion at a low pH. The viral
glycoprotein is also transported to the cell surface even
if it lacks its normal cytoplasmic domain, suggesting
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that this domain, in this case, does not carry any
important signalling function. Experiments with other
glycoproteins, however, seem to indicate that this result
cannot be extrapolated into a simple and general rule.
Studies on the recognition of the nascent signal peptide during insertion of a polypeptide into intracellular
membranes have continued successfully. The structure
and organization of a small RNA associated with the
signal recognition particle (SRP) have been clarified and
several of the proteins in the SRP have been identified.
Work is now in progress to identify the genes for some
of these proteins in the mammalian genome.
Studies of the polarization phenomenon during transport of proteins to the cell surface in one epithelial
cell line have also led to interesting observations. The
sorting of protein destined for either the apical or the
basolateral cell surface appears to occur intracellularly
after the protein leaves the Golgi apparatus. These
studies pave the way for isolating and characterizing
the sorting mechanism.

Biological structures
A strong group is investigating the structure and function of several bacterial membrane proteins in the porin
family and their interaction with natural and artificial
membranes. Phosphoporin and maltoporin have been
purified and crystallized into 2- and 3-dimensional arrays. In a collaborative effort between electron microscopists, x-ray crystallographers, biochemists and
electrophysiologists, the first steps have been taken in
understanding the structural basis for protein channels.
These studies complement the efforts at the Biozentrum
in Basel, where the structure of the classical matrix
porin is being determined.
Crystals of several proteins interacting with nucleic
acids have been obtained and high resolution structural
work is now under way. The first to be crystallized
was a small protein, the Rop protein, involved in repli-

cation of a bacterial plasmid; this was followed by
crystallization of the C-terminal end of the adenovirus
DNA binding protein in collaboration with a Dutch
group and recently by crystallization of the restriction
enzyme EcoRV. The latter has also been crystallized
together with a synthetic oligonucleotide allowing direct
analysis, at high resolution, of how this protein interacts
with DNA.

Electron microscopy in aqueous environment
As reported last year, there has been an important
spin-off from the cryo-electron microscopy development.
It is now possible to study unfixed and unstained preparations of particles or tissue sections using a cold stage
at -140°, where water vitrifies as a supercooled liquid
reminiscent of glass and does not form ice crystals.
This new technique in electron microscopy has already
given remarkable results about the structure of bacterial membranes and muscle as well as enveloped and
non-enveloped virus particles. In many areas it seems
to be the method of choice for structural studies in the
electron microscope.

Technological developments
There have been numerous technological developments
during the last year which would be of value to the
laboratories in the Member States.
In physical instrumentation a very important step has
been made in the development of linear and area detectors for synchrotron radiation. Information obtained in
time-resolved scattering studies with the synchrotron
source has been collected with these detectors. The
data acquisition from these detectors and the software
programmes necessary to compute the information are
currently being refined. The system may also in the
future replace films for the detection of the reflexions in
x-ray crystallography both on rotating anodes and with
synchrotron radiation. We hope already in 1984 to be

able to use such detectors to solve the structures of
some of the proteins crystallized in Heidelberg.
A micromethod designed to identify trypthophane during protein hydrolysis has been developed in the biochemical section. In September a new group, Rainer
Frank and Bernard Connolly, arrived and they will work
on micromethods for protein sequence analysis, as well
as peptide and oligonucleotide. synthesis. This group
will be complemented with an organic ch-emist to take
full advantage of a combined organic and biochemical
approach to several of the problems in molecular biology.
A new technique for identifying DNA-DNA hybridization
without radioactive probes has been developed. By
cross-linking enzymes directly to the DNA probe via
a basic peptide it is possible, with enzymatic methods,
to detect specific hybridization with almost the same
efficiency as with radioactive isotopes (see Plate on
back cover). This approach might be further refined
for in situ hybridization on specific chromosomes in
mammalian cells.
The refined methods for running DNA sequencing gels
and microinjection into cells which were developed at
EMBL have now been patented and licenced to Swedish
and German companies for general distribution. New
methods for cell organelle fractionation are under investigation utilizing either free flow electrophoresis or
magnetic beads. In the latter case monoclonal or monospecific antibodies are
to the beads. This work
is being done in collaboration with a Norwegian group.
As indicated above several techniques have been introduced to take full advantage of the recombinant
DNA technique. Modifications of the technique to
identify cosmid clones by recombination in bacteria
and refinement of the methods to select DNA clones
that carry single base pair substitution mutants have
been reported. Improvements in existing expression
vectors in bacteria have been made and they have been
successfully used to isolate- human genes which express
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interesting proteins only identifiable through available
antibodies. Attempts to improve existing expression
vectors for mammalian cells have also recently begun.
Taken together, our efforts in these three different
areas of technology are of a considerable magnitude
considering the size of the resources available. I believe
it is fair to say that in this field we compare favourably
to our international competition.

Service activities
In addition, we have provided direct services especially
through the Computing and Applied Mathematics Programme where the molecular graphics unit has helped
several visiting scientists take advantage of our advanced equipment. The Structures Programme also
utilizes this facility to solve its structures at high resolution.
As described elsewhere in this report, the DNA Data
Library has already dispatched its third release of sequence data comprising a total of 1.6 million bases.
The Data Library's widespread use confirms EMBL's
original decision to establish such a service, and supports the basic organisational and technical decisions
which have been made in its initial stages. 1984 will be
a year of consolidation and improvement of the current
service. The staff of the Data Library will be expanded,
partially with the help of the European Community,
which has recently provided us with financial support
to help maintain the Data Library. An agreement has
also been reached with the American GenBank proje·ct
to work together to improve service on both sides of the
Atlantic. Further possibilities for long-term involvement
of the Laboratory in scientific information services are
being explored.
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The Outstations
EMBL Hamburg provides considerable service to the
scientists in the Member States. In the words of the UK
review: "This facility is valuable and the particular form
of costing used means that access to it for biological
purposes is extremely cost-effective". During the last
year the dedicated beam time has been available for
13 weeks and in addition the parasitic beam has been
used for biological structure work for 26 weeks. Thus
the Hamburg Outstation has provided an exceptionally
stable beam for long periods which has helped the
visitors to take full advantage of this facility. High
resolution studies by x-ray crystallography have been
performed on many important biological structures including the rhinoviruses and the class I transplantation
antigens. Structural analysis of crystals of the 50S
subunit of the ribosome has also been initiated. The
synchrotron facility appears to be necessary for small
crystals, large unit cells and radiation-sensitive crystals
where no other approach is available. The detector
development has facilitated the time-resolved studies
where the analysis of muscle has been particularly
successful. One in-house contribution of special interest
is the time-resolved study on solutions and on gels
of chromatin. If correct the results of these studies
suggest that chromatin essentially is constructed like an
accordion with a 30 nanometer wide bellow which can
be extended or condensed depending on the
magnesium concentration.
The Grenoble Outstation provides services to biologists using neutron instruments of the Institut LaueLangevin (ILL) (biochemical laboratories, deuteration
plant, ancillary physical methods). A collaborative
project has been started between ILL and EMBL to
build a dedicated instrument for low resolution neutron diffraction. The cost of this new station will be
shared equally and will probably be available in the
middle of 1984. The in-house activities are necessarily
rather diversified, as are neutron applications. A growing activity is the study of the dynamics of enzymes
through neutron inelastic scattering. The structural

programme is mainly on protein-nucleic acid complexes,
especially virus structures, which are investigated using
low resolution neutron scattering and high resolution
x-ray crystallography. Of special interest is the detailed
structural analysis of adenoviruses and Semliki Forest
virus. In the latter case the results suggest that this
enveloped virus has a nucleocapsid organized with a
triangulation number different from that of the outer
shell. The triangulation number of the outer shell has
also been determined by electron microscopy in
aqueous environment as discussed above.

Research training
Our Summer Course Programme was started last year
and the courses had a high attendance with satisfied
students. Our first class of graduate students was
selected last year. They constitute a motivated and
enthusiastic group of young scientists, who have already
enjoyed the internal lecture courses in cell and tumour
biology. They and their followers will definitely help us
to build a better and more enquiring spirit in the EMBL.
Taken together I believe that the EMBL has made very
significant contributions during the last year and that
the collaborative efforts between the different groups in
Heidelberg and between the Outstations and Heidelberg
have been strengthened. Joint projects with groups in
the Member States have also been initiated. We are
well on the way to forming an exceptional intellectual
environment, a prerequisite for any major progress in
science. We hope that we shall soon overcome remain- '
ing administrative problems and in peace and devotion
follow the principles of scientific research stated by the
physicist Robert Oppenheimer: "although we are sure
not to know everything and rather likely not to know
very much we can know anything that is known to
man and may with luck and sweat find out some things
that have not before been known to man". This is an
appropriate goal for EMBL.
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Advanced Training and Teaching

The bulk of this report deals with the scientific research
of EMBL and it is clear from the summaries here, and
even more so from the more detailed descriptions in
the Laboratory's Research Reports, that collaborations
between EMBL and national laboratories continue to increase. Postdoctoral training and collaborative projects
with national laboratories, two of the stated purposes
of EMBL, go hand in hand and our experience shows
that to fulfil these roles successfully it is necessary to
strive after as balanced a representation of the nationals
of the several Member States in the scientific staff
of EMBL as is possible. For there is an inescapable
and understandable tendency for our staff not only to
establish collaborations most readily with their former
colleagues at home but also to take postdoctoral fellows
recommended by them. This is not, of course, an
absolute rule, if it ever became one it would be a sad day
indeed, but it is an undeniable trend. Harmless jokes
about going over to see someone in Little Italy or taking
the lift to the Powers from the North add piquancy to
the life at EMBL, as well as reflecting a fact of it.
When the delegations to the EMBL Council scrutinize
carefully the staff and fellows listed by nationality, or
listings of where the Laboratory buys what, they may
have uppermost in their minds questions of simple
economic returns. The really significant reason for a
geographic spread of scientific staff is, however, much
more far reaching and long lasting. While no one with
the scientific interest of EMBL and the Member States
at heart would want to insist on a distribution of staff
precisely matching that of the financial contributions
at anyone time, or even perhaps integrated over a
period of years, neither would they want a highly skewed
distribution to become a permanent feature, because
12

the nationality of the staff, and especially the group
leaders, has such a considerable influence on the
pattern of contact the Laboratory develops and the postdoctoral visitors it receives.
The number of postdoctoral visitors both short- and
long-term continues to increase, a reflection of the
increase in the number of groups in the Laboratory and
hopefully its reputation. The long-term postdoctoral
fellows, of which there were thirty-nine in 1983, receive
support from a variety of agencies, national and international, private and public, as well as from the EMBL
itself in a relatively small number (7) of cases. One
major source of support is, of course, the EMBO, and
EMBL has once again received more EMBO short-term
fellows, 27 in 1983, than any other single laboratory. In
addition, EMBO awarded a total of 10 new long-term
fellowships and renewals for work at EMBL from 18
applications, and this at a time when the competition
for these fellowships is greater than ever before, with
an average of only one of three candidates receiving
support.
The Cell Biology Programme, in particular, is attracting
an increasing number of postdoctoral fellows from the
USA and they add enormously to the scientific environment. What is more many of them have fellowships
from private American foundations which were awarded
from the outset for a 3-year period. The advantages of
such fellowships over the usually shorter ones typical
of the European agencies are several but one is very'
important. The relative security of a 3-year fellowship
encourages the holder to undertake a more ambitious
and risky project, which may take longer to yield results,
but in the end the results are more significant. The
European system, if we may call it that, of a 1-year
fellowship subject to a renewal functions fairly well
when the first renewal, if not the second, is more or less
automatic. The renewal application causes everyone involved to take stock of the situation. On the other hand
when even a first renewal becomes far from automatic
the disadvantages become painfully obvious. The sense
of insecurity generated by a reduction in the chances of

a first renewal of a fellowship from say 950/0 to 700/0
far exceeds what the simple arithmetic might indicate.
And if too much security serves to defeat the scientific
enterprise so does too little. EMBL is not making
a plea for special treatment, in many ways it may
be far better placed to buffer the situation than most
national laboratories, but the question deserves serious
considerations by the European fellowship agencies.
As envisaged in the scientific programme adopted in
1982, a first competitive selection for predoctoral fellows to work in Heidelberg was made in the spring
of 1983, after advertising in the scientific press and
directly to EMBO members. For practical reasons th,e
Outstations at Grenoble and Hamburg are autonomous
as far as the recruitment of predoctoral fellows is concerned. During the Easter vacation a short list of 19
candidates was interviewed over 2 days at EMBL and a
final selection made. All those offered a predoctoral
fellowship accepted. The national distribution is as
follows: Austria (1), France (1), United Kingdom (3),
Germany (5). This first intake was somewhat larger
than actually planned, but that was fully justified by
the quality of the candidates. The "predocs" arrived in
September, settled into the Laboratory, which for several meant also adapting to a new culture and language,
and are now leavening it. The Cell Biology Programme
organized a lecture series attended by all the predoctoral
fellows in the Laboratory during October and November,
which proved instructive to students and teachers alike,
and during 1984 the Differentiation Programme and the
Biological Structures Programme will follow suit.
Since EMBL has no legal authority to award degrees
we have been negotiating for the registration of our
predoctoral students with various national universities
and degree awarding bodies. In the case of the UK, for
example, the universities of which have rather stringent
residential requirements, we have, through the good
offices of the Medical Research Council's National Institute for Medical Research, Mill Hill, London, reached
what seems to be a satisfactory arrangement with the
Council for National Academic Awards. Cordial nego-

tiations with Heidelberg University, through its Rector
and the Dean of the Biology Faculty, are proceeding.
The aim is to be able to register our German students
and some others at Heidelberg, which we hope will
adopt a small number of EMBL senior scientific staff
as recognized teachers and honorary faculty members.
This development cannot but help strengthen mutual
collaboration between EMBL Heidelberg and the local
University.
The establishment of a modest predoctoral programme
at EMBL seems to have been more favourably received
than we might have anticipated. For example, in the
report of the MRC's review of EMBL the programme is
welcomed, but one potential source of future difficulties
is alluded to, namely the national distribution of the
fellows. Informally, several other Member States have
also expressed great interest in this new programme
while at the same time making it clear that they hope
nationals of all Member States will be able to benefit
from it. At EMBL we are fully conscious of this
obligation and, without prejudicing scientific standards,
will strive to discharge it. Clearly, as Finance Ministers
are wont to say about their policies, success or failure
should not be judged on the outcome of one year, and
especially not the first year. Since the intake will always
be small, perhaps on average 6-8 predoctoral fellows
annually, we can never have a national of every Member
State every year. Moreover the distribution of awards is
not unrelated to that of applications although, of course,
the relationship is not simply direct. Towards the end of
the year we began advertising for the 1984 predoctoral
fellows and the response, larger than in the first year,
suggests that once again we shall be embarrassed for
choice.
The proposal that EMBL should become more of a
centre for advanced training courses than it was in
its early years was stressed in the 1982 scientific
programme and we know from the EMBO and other
sources, both scientific and governmental, that there is
also widespread support for this idea. To quote again
from the MRC review, which summarizes succinctly
13

the consensus opinion: "The Laboratory proposes to
develop a more extensive programme of summer courses
in the coming years. For some of these, EMBL would
simply act as host to the courses being organized and
taught by guest instructors from national laboratories.
We welcome this development, which will exploit the
potential of the Laborat.ory's facilities and resources and
enable it to disseminate technical advances as envisaged
in the Agreement".
With the best will in the world the staff at EMBL could
not provide the range of courses for which there is
legitimate demand; the Laboratory is simply not large
enough to be active in so many fields. We can and are
anxious, however, to act as host to courses organized
by instructors from national laboratories, but to play
that role successfully we depend on the cooperation
of groups of guest instructors prepared to shoulder
the burden of organizing practical courses in unfamiliar
territory. The American example proves that this can
be done regularly and very successfully but there is
as yet no such tradition at EMBL. It is, therefore,
very important to plan carefully the first such course
to ensure that it is a success for the students and a
satisfying experience for the otherwise unremunerated
instructors. Well over a year ago we began discussions
with potential organizers and the first course to be
arranged by an outside faculty, on yeast genetics, is
scheduled for July 1984. In 1983 we relied entirely on
our own resources and ran five courses ranging from
cryo-electron microscopy to chromosome microdissection and microcloning, both incidentally new techniques
developed at EM BL. To judge from the response of
the student participants they were successful, not least
because the staff at EMBL recognizes that teaching
summer courses is one of its responsibilities to colleagues in Europe.
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Cell Biology Programme

The Cell Biology Programme is continuing its efforts
to unravel the mechanisms by which membrane components reach their correct destinations in animal cells.
Little is known of how cells manage to generate and
maintain the complex organization that has been revealed by microscopic and biochemical studies. We have
concentrated our research on the route starting in the
endoplasmic reticulum (ER) and passing through the
Golgi complex to the surface of the cell. The traffic
between the cellular compartments is mediated by membrane vesicles which bud from one compartment and
fuse with the next. Despite the continuous exchange of
membrane components between organelles, they maintain their compositional and functional identity so that
the traffic has to be selective to avoid intermixing of
components. The membrane traffic between the ER and
the cell surface involves a sorting problem of considerable proportions. How these cellular sorting devices are
constructed in molecular terms is not known. The study
of such intricate mechanisms demands not only an
intelligent choice of experimental systems but also refined and advanced methodology specifically developed
for this purpose. The close proximity of independent
scientists from a wide variety of fields working together
in the Cell Biology Programme has ensured fruitful
collaboration in a way that is unique, at least in a
European laboratory.
One major effort in the Cell Biology Programme is the
search for experimental models which could allow a
molecular characterization of the mechanisms involved
in intracellular membrane traffic, preferably by reconstructing these functions in vitro. This has so far
.been possible only for the assembly of secretory and
membrane proteins in the ER. Studies are underway

to characterize the components involved. The signal
recognition particle has been isolated and its assembly
and function have been studied. A second protein, the
docking protein, has also been isolated and reconstitution of all the components necessary for the translocation of protein through the ER is being attempted.
Another in vitro system, which measures membrane
traffic through the Golgi complex, has been developed
elsewhere, and this assay is now being used at EMBL
to study the disassembly of the Golgi complex during
mitosis when the cell prepares for division. Intracellular
organelles, including the Golgi complex, become disrupted into numerous small membrane-bound vesicles
which randomize throughout the mitotic cell cytoplasm
and thus ensure that the two daughter cells each receive equal complements of these organelles. Since the
break-up of the Golgi complex is accompanied by a loss
of transport activity, disassembly can be assayed using
this in vitro method and it is hoped that factors involved
in this disassembly can be purified and studied.
The in vitro reconstitutions of membrane assembly in
the ER and of intracellular transport through the Golgi
complex were preceded by years of careful work to characterize these processes at the cellular level. One possible cellular model is presently being developed to study
the sorting of apical and basolateral proteins in epithelial
cells. The cell surface of every epithelial cell is polarized
into apical and basolateral membrane domains, each
having different protein and lipid compositions. The
assembly of the apical and the basolateral membrane
components is initiated in the ER as is normally the case
for cell surface proteins. However, later during transport
to the cell surface the apical and the basolateral proteins
are sorted from each other to their respective destinations. It has been possible to clone an epithelial cell line
(MOCK) which grows on nitrocellulose filters to form
an epithelium in vitro. Studies of this system, using
enveloped viruses as additional tools, have shown that
sorting takes place intracellularly after the proteins have
left the Golgi complex. Further studies are underway
to identify the organelle responsible for the sorting of
apical and basolateral proteins.
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Intensive studies elsewhere have led to the elucidation
of the molecular anatomy of the cytoskeletal elements
in animal cells. Little is, however, known of their
functions. A new group has been recruited to study the
role of the cytoskeleton in intracellular transport. These
studies have been started at the cellular level using
microinjection as a method. The idea is to use the living
cell as a test tube. This approach has already been
used successfully by other groups in the Programme
to study intracellular transport of viral proteins. Later
studies will be directed towards establishing suitable in
vitro assays.
A number of groups are using recombinant DNA technology' to study intracellular transport, and they have
been among the pioneers to introduce the methods
of molecular genetics into cell biology. One effort
has concentrated on mutagenizing the genes coding
for the Semliki Forest virus spike protein and studying
the effects on the targeting of the protein to the cell
surface. These studies have shown that the cytoplasmic
domain of the protein is not essential for transport to
the cell surface. Another group has been studying the
mouse histocompatibility Class I and II cell surface
glycoproteins. The la (Class II) antigens are complexed
intracellularly to an invariant polypeptide chain, which
dissociates from the la complex before delivery to the
cell surface. The role of the invariant polypeptide in
intracellular transport is being investigated by in vitro
mutagenesis of the cloned gene. The studies of the
H-2 (Class I) antigens are being directed towards their
function in T-cell immune defence. In vitro mutagenesis
of the cloned gene suggests that the two N-terminal
protein domains of the H-2 antigen play an important
role in T-cell killing in influenza virus-infected cells.
Another viral gene coding for the envelope protein E1 of
a murine hepatitis virus has been cloned and sequenced.
The coronaviruses do not bud at the cell surface as most
other enveloped viruses do but into vesicular elements
of the ER in the Golgi region. The E1 protein determines
the site of budding, and can thus be used as a probe
for proteins that are located intracellularly on the ER to
cell surface route.
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Studies have also been started to study the secretion
of proteins from cultured cells. Genes coding for
secretory proteins have been introduced into cells to
construct cell lines which secrete large amounts of the
secretory protein. One such cell line has been cloned,
an MOCK cell secreting lysozyme. Common to these
and to previous studies referred to is the strategy of
constructing cell lines with new properties which make
them more amenable to experimental study. Presently,
virus infection has often been used in the Programme
for this purpose. Ideally, one would like to be able to
introduce any gene of choice into a cell and transform it
into an efficient producer of the protein which the gene
codes for. However, the present generation of eukaryotic expression vectors is not satisfactory in every ca'se
and they have to be improved to make this approach a
generally useful one in cell biology. Work is progressing
towards this goal and an EMBO course on this subject
will be held at EMBL in 1984.
Work has also been directed towards improving bacterial
cloning vectors. Vectors have been constructed which
express hybrid proteins in large amounts in E.coli and
gene fragments coding for antigenic determinants can
thus be searched by speedy "colony blot" procedures.
Using this method the gene coding for the complement
factor C9 has been cloned. The C9 protein is a poreforming membrane protein responsible for complementkilling of cells in immune lysis. Further studies are in
progress to clone genes coding for proteins involved in
intracellular transport functions.
A major methodological project is to develop immunological techniques for the isolation of cellular organelles.
The presently available methods for cell fractionation
have been worked out for tissues such as liver and are
not satisfactory for cells grown in culture. New and
more powerful methods are badly needed. The idea is to
couple antibodies, which are specific for the organelle to
be isolated, to magnetic beads and perform the isolation
in a free-flow magnetic field. This research is carried out
in collaboration with the Biochemical Instrumentation
Programme. During the' year a new magnetic bead

PLATE 2
Electron micrographs of frozen thin sections of cells
infected with virus and labelled with the immunogold
technique using antibodies against the viruses.
Top-left, a vesicular stomatitis virus (VSV) being taken
into a cell by a coated pit to initiate the infection
process.

Top-right, two newly formed VSV particles budding out
from an infected cell.
Bottom, influenza virus particle (arrow) budding out
from the cell surface of a cultured dog kidney cell.
The viral coat proteins are found on the apical plasma
membrane but are concentrated around the virus. Bars 100nm.

17

(obtained from Prof. Ugelstad, University of Trondheim) has been found to be superior to those available
previously, and the design of the magnetic bottle has
been considerably improved. The method is sufficiently
advanced that an EMBO Course on Cell Fractionation
will be given at EMBL in 1984.
Over the past few years cryo-electron microscopic techniques have played an important role in the Cell Biology
Programme. Thin-frozen sectioning, in combination
with labelled antibodies, has been used to localize
antigens in a quantitative way at high resolution (Plate
2). Further studies are in progress to improve this
methodology, in collaboration with the electron microscopy application group in the Biological Structures
Programme. The rapid freezing vitrification procedure
worked out by this group has proved very successful
in studies of well-ordered specimens such as viruses.
An attempt will be made to apply this method to thin
section immuno-electron m.icroscopy.
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Differentiation Programme

The Differentiation Programme in 1983 consisted of
pre-existing groups continuing projects described in
last year's Annual Report, and new groups joining
the Laboratory during the course of the year. In the
following, we will outline work by the former groups
as well as the projects planned or in progress by those
newly arrived.

Neurobiology
Research is continuing on the synaptic connections
and mapping of sensory inputs onto a set of uniquely
identified neurons that make up the neuronal pathways
involved in two modes of locomotion: jumping and
flying. The main elements of the jump pathway in
dipteran insects are cobalt-coupled neurons linked by
gap-junctions - the structural basis for electrical coupling. Electron microscopy of certain inputs onto the
giant neuron are typified by gap-junctions accompanied
by conventional chemical synapses. The nature of
chemical synapses is being investigated immunocytologically using commercially available antibodies against
certain transmitters and peptides. The fine-distribution
of sensory inputs that control the activity in the giant
descending neuron have been studied and, in collaboration with the University of Basel's Zoology department,
the electrical activity of this neuron has been studied by
intracellular recordings. Similar intracellular studies of
local interneurons in the brain are being carried out in
our Laboratory.
In another project, mechanisms involved in axon guidance during development of the nervous system are
being studied in the grasshopper embryo. Antibodies
and lectins are used to identify and manipulate compo-

nents of the growth cone surface and its substrate, the
basement membrane overlying the embryonic nervous
system, involved in directing axon outgrowth.

Genes involved in development
and differentiation
A group of developmentally important genes is represented by the Tit complex in the mouse which determines several developmental pathways during early
development, e.g. sperm maturation. This complex
occupies almost half of chromosome 17. A functional
analysis requires as a first step that the constituent
genes are isolated, ordered and characterized. This
is done in the following way: halves of chromosome
17 carrying the Tit complex are isolated by microdissection, their DNA extracted and used for production
of "microclones". Clones within the Tit complex are
identified and mapped with the aid of t-haplotypes.
These clones are then used to select from "cosmid"
library overlapping gene fragments to obtain a complete
coverage of the complex. Identification of functionally
important parts will be done by selecting long sequences
with open reading frames (i.e. potential genes), as well
as by other approaches.
Another system to analyze complex functions during
differentiation is the human liver. A differentiated liver
cell produces large numbers of well-characterized liverspecific proteins. The cloning of the genes for these
proteins has been initiated using mRNA expressed in
these cells. These clones are then sequenced to identify
them by reference to known amino-acid sequences from
liver proteins. The cloning of genes for physiologically
and medically important liver proteins has already led
to structural clarifications. The main purpose of this
project, however, is to develop an in vitro transcription
system in which factors can be identified that control
the expression of these genes and thus regulate the
differentiated state of the liver. The identification of
such factors is the first step towards isolating and
characterizing the corresponding genes.
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A system to study coordinate control within the differentiated state is offered by the Balbiani ring genes in the
salivary gland chromosomes of the midge Chironomus.
These genes code for a family of large secretory proteins. Two of the gene products are phosphorylated, the
third one is not. Normally only the two phosphorylated
secretory proteins are produced, but during phosphate
starvation their synthesis is shut off while the nonphosphorylated protein is induced. Interestingly, the
phosphorylation of the normal products occurs already
during protein synthesis. These findings together with
other evidence suggest the possibility that the primary
control of gene expression in this system is at the
level of translation and not transcription. Transcription
and the formation of Balbiani rings would then be
secondarily induced.
Gene interaction during differentiation and development
is also studied in Drosophila with a system of interacting (white and zeste) genes, Chromosomal parts
corresponding to this region have been microdissected
and cloned for identification of transcriptionally active
segments, Attempts are under way to identify functionally important DNA by injecting the cloned material into
embryos that have deletions in the corresponding genes.
The injected DNA may integrate into the chromosomes
and restore the missing function, Drosophila genes
showing strong homologies to mammalian oncogenes
are also being isolated in this project, with the main
purpose of identifying the corresponding gene products.
In Drosophila the transcription rate of the X-linked
genes in X;2A flies is twice that of 2X;2A flies (dosage
compensation), The genetic basis of this process is
being investigated by studies of mutations that modify
it. This analysis is carried out by the isolation and
characterization of sex-specific lethal mutations, Pole
cell transplantations have been performed to demonstrate that male-specific lethal mutations which affect
the dosage compensation in the soma do not have any
effect in the germ line.

Another project centres around a little studied class of
RNAs, These are the "small" cellular RNAs, which have
been found in all eukaryotes, generally in ribonucleoprotein form. Two of these complexes are under study,
one containing the 78 L and the other the 78 K RNA,
The 78 L complex (signal recognition particle) is essential for translocation of secreted polypeptides, The
RNA moiety of the 78 K compl,ex has been sequenced
and work on the genomic organization and' expression
of the corresponding genes for this RNA is in process,
The main goal of these investigations is to clarify the
precise relationship between the structure and function
of the two types of small RNAs.

Oncogenes and gene regulation during
development and differentiation
The five groups that recently joined the Laboratory
centre their interests around two major questions:
• How do oncogenes affect growth control and terminal
differentiation of haematopoietic and non-haematopoietic cells? and
• What are the mechanisms that control the tissuespecific expression of genes introduced into early embryo cells?
Oncogenes are a family of 20-50 genes that can cause
tumours following their activation. This activation can
occur spontaneously via a number of different mechanisms, one of which is their acquisition by retroviruses
that can then serve as vectors to reintroduce them
efficiently into normal cells. Another mode is the transcriptional activation by retroviral regulatory elements
(LTR), The introduction of LTR sequences into viral
cells as a means of activating new cellular oncogenes is
a technique that is being exploited by one of the new
groups,
Naturally occurring oncogene-transducing retroviruses
cause neoplasms within weeks or months after infec-
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tion and are capable of transforming various types of
haematopoietic cells in vitro. They are thus ideally
suited as probes to study the effect of oncogenes on
differentiated cells. A number of model systems are
being investigated. The erbB gene of avian erythroblastosis virus is responsible for erythroblast and fibroblast
transformation and codes for a transmembrane glycoprotein. This gene is being analyzed by site-specific
mutagenesis to elucidate erythroblast- and fibroblastspecific domains. In addition, temperature-sensitive
viral mutants in this gene are available which induce
transformation of erythroblasts at 37°C but not at
42°C. Mutant-transformed erythroblasts, when shifted
from low to high temperature, differentiate into erythrocytes. This system is further exploited to provide clues
as to the function of erbB during terminal differentiation
of erythroid cells. In vitro mutagenization is also being
performed with the myc oncogene derived from avian
retroviruses. In additIon, this gene is being combined
with other oncogenes as well as with mammalian retroviral genomes. Such constructions might allow the
efficient introduction of the myc gene not only into avian
but also into mammalian fibroblasts and possibly into
haematopoietic cells as well.

lines in culture. The tissue-specific expression of genes
introduced into stem cells is also the main theme of one
of the new groups. Selected genes under the control
of tissue-specific enhancer sequences will be studied.
In addition, the expression of certain developmentally
regulated genes in combination with different inducible
promoters will be investigated.

In another line of research, chick haematopoietic cells
of the myeloid lineage transformed by the myb/etscontaining virus E26 are being investigated. Of great
advantage are a series of recently isolated temperaturesensitive mutants of the virus. Terminal differentiation
to macrophages can be induced in cells transformed by
the viral mutants in an analogous way to the erbBerythroblast system. Interestingly, growth of E26 virustransformed myeloid cells requires a newly identified
polypeptide hormone. Present efforts are aimed at the
characterization of this growth factor and its role in
growth control and terminal differentiation.
The fos oncogene is another developmentally interesting gene since it is expressed at very high levels in
the extraembryonal tissue at certain stages of early
mouse embryo development. Here the interest lies in the
elucidation of its target cells and its effect on stem cell
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Biological Structures Programme

What are the structural bases, at the molecular level,
for the functional properties of proteins or protein
complexes? This is the central question which ties
together the various facets which were investigated in
this programme during 1983. The two main areas
of investigation were protein-nucleic acid interactions
and membrane protein structure and function. Several
other aspects complemented these activities, such as
the investigation of conformational changes in allosteric
enzymes. Other developments were concerned with
updating and expanding methodologies which are prerequisites for efficient implementation of modern technology. The various projects involved a broad range
of techniques comprising x-ray crystallography, solution x-ray scattering, electron microscopy and image
processing. To correlate structural information with
function, thorough biochemical characterizations were
combined with the assessment of functional properties
at a molecular level.

Protein-nucleic acid interactions

Crystals of EcoRV endonuclease, which diffract to
resolution, have been obtained. Data were collected at the Hamburg outstation, and the diffraction
films are currently being analyzed on the in-house
computer facilities in Heidelberg. A particularly interesting aspect of this project is that crystals have
been obtained containing the self-complementary decanucleotide dCCGATATCGG. Biochemical analysis of the
protein and nucleic acid content of these crystals is
consistent with the presence of a 1:1 complex. The
crystals are not yet large enough for x-ray diffraction but
electron diffraction and imaging show three-dimensional

2.sA
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crystals diffracting to about
frozen-hydrated state.

2.sA

resolution

in the

The structure of DNase I, reported last year, was
further studied with the aim of deducing its mechanism
of action. This involved refinement of the atomic
coordinates by means of the molecular graphics system. Active site studies were performed using enzyme
inhibitors. Current results indicate that the active site
of DNase I is located at the surface of the enzyme
sheets.
and that it is formed by residues of
The possibility of exploring how DNA binds in this
active site has been approached by model building
studies, as well as by co-crystallizing DNase I with
oligonucleotides. This enzyme has the unusual (and
unexplained) property of interacting very strongly with
G-actin from skeletal muscle. Based on data for the
complex and the structure of DNase I, a 4.sA map of
actin has been calculated. Several a-helices could be
identified. Attempts to study F-actin, the conformation
within thin muscle filaments, have been hampered so
far by the poor diffracting properties of the appropriate
fibres. To improve their quality, strong magnetic fields
were applied during their condensation, a method that
proved successful in the study of filamentous viruses.
The attempts to crystallize a number of other proteins
interacting with nucleic acids have been continued. The
active domain of adenovirus DNA-binding protein, obtained through controlled chymotryptic treatment, has
been crystallized. Work is also under way to crystallize a highly interesting ribonucleoprotein particle from
Xenopus oocytes consisting of 120 ribonucleotides and
3S0 amino-acids. The protein appears to be necessary
for the transcription of the RNA genes. It binds tightly
to RNA, as it protects an intragenic sequence of about
SO nucleotides from enzymatic digestion. A repressor
protein is also being studied which is part of the control
mechanism for DNA replication in a bacterial plasmid.
Diffractometer data have been measured to a resolution
of 1.7A and potential isomorphous heavy atom derivatives are under study.

PLATE 3
Montage showing a large tubular membrane crystal
of phoE, negatively stained with uranyl acetate. The
upper inset shows the diffraction pattern extending to
2.5nm resolution. This can be indexed as two hexagonal
(p3) lattices which are out-of-register, arising from the
overlapping sides of the tube. The lower inset shows
a computer filtered, 3-fold symmetrized image for one
side of the double layer.tube. The unit cell side is 7nm.
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Structure and function of membrane proteins
A concentrated effort is being made to isolate and
study several proteins from bacterial (E. coIl) outer and
plasma membranes. One aspect of particular interest is
. the structural basis of pore specificity. The involvement
and collaboration of various groups in the Laboratory
can perhaps best be seen by looking at the way one
of these proteins is being studied. Maltoporin is a
pore forming protein that facilitates the permeation of
maltose into the cell. It is also the receptor of a bacterial
virus (phage A) and it is encoded by the IamB gene. The
protein was cut into a small number of fragments by
limited proteolysis. These were characterized by protein
sequencing experts and the information correlated with
that provided by the DNA sequence. Thus the various
functions of the protein could be assigned to specific
peptide fragments. Study of its crystallization condition
from detergent yielded seven different crystal forms, one
of which shows diffraction and is being pursued with
the aim of obtaining a detailed three-dimensional view
of the molecule to high resolution.
Two-dimensional crystals, containing phospholipids,
have also been reconstituted. They are studied by two
groups specializing in electron microscopy; one of them
studies stained specimens (Plate 3), while the other
investigates frozen-hydrated samples. Conductance
studies on planar bilayers allow analysis of the single
channel characteristics of the pores. The collaboration
extends to studies at the Pasteur Institute where work
is performed at the DNA level. A large collection of
mutations affecting the diffusion properties of the pores,
or the binding of phages or of monoclonal antibodies,
have been collected. They should provide key links
between structure and function.

Electron microscopy
In the area of image analysis work is being continued on
the study of ribosomes (in collaboration with Berlin and
Rehovot). Instead of thin sections of three-dimensional
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crystals, two-dimensional crystals can be directly imaged in negative stain which is more s.uitable for image
reconstruction. Analysis of tilted images from these
crystals is currently in progress. A three-dimensional
reconstruction of the crystalline chorion layer from
Drosophila egg-shell has also been carried out (in collaboration with Athens). Similar work was performed
on light harvesting protein from pea chloroplasts (a
collaboration with ZUrich).
Further progress was made in the development and
application of the technique of electron microscopy
of frozen-hydrated specimens. A new method was
developed for preparing unsupported vitrified layers of
solution, uniquely suited to electron microscopic work
on particles in suspension (see Cover). The vitrification
does not appear to cause structural changes, as was
shown in the studies of insect flight muscle. In the studies of periodic structures, it was found that structural
determinations can be made to a resolution better than
20A in the frozen-hydrated state. Electron microscopy
of nucleic acids has been used by another group to
study the structural arrangements within chloroplast
genomes, including the processing of messenger RNA
by mapping RNA/DNA hybrids or circles of Euglena and
bean chloroplast DNA. Extensive splicing was observed
in the algal mRNAs.

X-ray crystallography: developments
The structure of a copper-containing blue protein has
been solved to 2.9A. This protein is part of a bacterial
electron transport chain functional under anaerobic conditions. It looks like a sandwich made up of
The geometry of the copper site resembles that of
plastocyanin, a protein involved in photosynthesis. The
solution of this structure, which is part of a doctoral
dissertation, enabled us to test all the newly installed
hardware and software.

Physical Instrumentation
Programme

As in previous years the main emphasis in Physical
Instrumentation has been on the development and construction of instruments rather than their application.
The major exception is the laser optics group whose
instrumentation is now sufficiently developed to permit
a major effort in applications of the various techniques.

Electron microscope development
The cryoSTEM is now approaching completion. The
microscope, excluding the cryo-objective lens, has in
fact been operated for several months using the objective lens and detector system from the prototype AEI
STEM to assess the performance of the lower section
of the optical column (gun, condenser lenses, alignment
and deflection systems) and the various electronic units
before installing the cryo-Iens itself. As a result of these
tests a number of minor but significant modifications
have been made to the control electronics to improve
the over-all stability. The system has been shown to
function satisfactorily within the limits imposed by the
provisional objective lens and its detector configuration.
The cryo-Iens itself is at an advanced stage of construction. The design has been modified to provide specimen
tilt in the initial configuration instead of at a later stage
as originally planned. The initial vacuum and cryogenic
tests having been successfully carried out, it is hoped
to install the lens in the optical column in April 1984.
An improved spectrometer using a pole-piece designed
and built at the Biozentrum in Basel has now been
installed on the HB-5 STEM. Initial problems in obtain-

ing the expected performance were finally traced to a
temperature-induced change in the magnetic properties
of the stainless steel used in the construction of the
spectrometer. This spectrometer is now operating to
specification and the first Z-contrast images of frozenhydrated specimens have just been produced.

Modular microcomputer systems
The increasing use of microprocessors and microcomputers in instrumentation together with the ever-increasing number of available microprocessor types has tended
in many institutes to lead to the haphazard development
of incompatible software and hardware. In an effort to
avoid these problems we have introduced and are continually developing a modular microcomputer system
based loosely on the experience gained in the design of
the cryoSTEM. Basically there are two systems. The
first, based on an 8-bit Z-80 microprocessor, is designed
for process control and simple data acquisition. We
have now developed two "standard" versions of this
system. The simpler version is intended for use with
a pre-selected set of programmes controlled through
a simple interactive keyboard and display. This has
already been used for controlling HPLC systems (4
units) for the laser gel scanner (described in this report)
and for the control of stimuli applied to an animal during
intracellular recording from neurones.
The more complex version uses programmes stored on
a floppy-disc and lends itself to programme modification
by the user. This version is also used for software
development.
The first "production" model is presently being evaluated by the Biochemical Instrumentation group as
a flexible control system for protein sequencing and
peptide synthesis.
The second system is intended to replace, at a fraction
of the cost, the standard laboratory minicomputer and
eventually the CAMAC-based data acquisition system.
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It is based on a 16-bit (68000) microprocessor and is
aimed particularly at applications involving interactive
processing of large data sets. Components for the first
application of such a system (by the laser optics group)
have been ordered and will be tested in 1984. A second
system (for the cryoSTEM) will also be developed
towards the end of 1984.
Two further applications for the microcomputer system
are being developed. The first is a data acquisition
and preprocessing system for a membrane transport
experiment. Since, at this stage of development, the
range of modules available in the new system can not
yet match that available in CAMAC, the prototype
system is based on available CAMAC modules and
the Nord-10 computer. The results obtained with this
system will help define the architecture and performance
of the microcomputer-based version.
The second application is the development of a small
graphics system to display restriction maps etc. The
ultimate aim of this development is to produce, in
collaboration with interested biologists, an inexpensive
"work-station" tailored to the needs of geneticists and
which could be interfaced to existing data bases.
Detector development

The digitizing and readout electronics for the twodimensional x-ray detectors have been developed further
to improve their efficiency and reliability.
Special attention has been given to the visualization
of the diffraction pattern. At present three kinds of
display systems are available, ranging from a relatively
simple storage oscilloscope driver to a sophisticated
microcomputer-controlled video display. The latter has
the ability to produce a pseudo three-dimensional representation of the collected pattern in less than three
seconds. The system software permits rotation of the
three-dimensional image together with thresholding and
windowing of the intensities and profile extraction in
both X and Y directions.
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The grey-scale image buffer described in last year's
report has been modified for use in the off-line analysis
of data. A modified buffer together with the appropriate software has now been installed in the Hamburg
outstation.
Further improvement in the visualization of diffraction
data will be obtained by the addition of colour. An
inexpensive RGB controller has been designed and built
in order to carry out preliminary tests and to define the
algorithms which must be implemented. This work will
be continued in 1984.
The detector hardware and software developed here
and at the Outstations continues to have widespread
application. In addition to the system delivered to
LURE a number of modules have been supplied to the
Daresbury Synchrotron facility. These developments
will also form the basis of a crystallography detector
and readout system being built in Heidelberg for use on
a rotating anode x-ray source. This project was started
in the latter half of the year and will continue in 1984.
As a further application of detector systems, we have
carried out initial evaluations of solid state detectors as
a means of scanning radioactively-labelled gels. This
work, has been done in collaboration with a group at
CERN, who are interested in the use of solid state
detectors in high energy physics. The initial results
are promising but further discussions are needed with
the potential users to define their requirements more
precisely.

Applications of lasers

Three major applications of modern laser systems are
currently being used and developed.
Based upon the mode locked synchronously pumped
dye laser we have constructed a sensitive fluorescence lifetime and depolarisation spectrometer with
sub-nanosecond resolution. The spectrometer is espe-

cially suitable for the measurement of the intrinsic fluorescence properties of protein and protein-nucleic acid
complexes. For example we have recently completed
a detailed study of the binding of the Pf1-virus Gene
5 protein to its native DNA and to polynucleotides.
The experiments were performed using spectral shift,
fluorescence lifetime, anisotropy and fluorescence depolarisation as binding monitors. The results have been
described in terms of a two step binding model. Other
experiments have been performed on the fluorescence
properties of various protein and protein-RNA systems
with groups inside and outside EMBL. A more detailed
study has been performed on human serum albumin
and the effect of the purity of this protein on the
fluorescence properties. Experiments on the dynamic
properties of the coat protein of the alfalfa mosaic virus
are continuing and will be completed during 1984.
The mechanical part of the laser microprobe has been
completed and has been reported in the literature and
we hope to get the on-line microprocessor system,
based on a 68000/VME bus system, working as soon
as possible. First applications using the high depth of
focus for vertical sectioning are being planned. The
analysis of time lapse pictures using the new computer
systems should provide important information on the
dynamics of cellular components. Various modes of
image formati"on have been tested, e.g. phase contrast,
darkfield, fluorescence and absorption.
A fringe pattern photobleaching apparatus has been set
up and tested on the diffusion of fluorescently-Iabelled
lipids fused into living cells. First results were very
promising. The method in general allows the determination of rates of lateral diffusion and vectorial transport
of specifically fluorescently-Iabelled molecules. Such
data is essential for our understanding of cell motility
and axoplasmic transport. The technique of fringe pattern fluorescence recovery after photobleaching enables
the measurement of flow and random diffusion averaged
over a known area in a known direction. The fringes give
rise to an exact knowledge of the spatial parameters in

contrast to the spot photobleaching method and can be
and
adjusted between

X-ray optics
The close collaboration with the Hamburg outstation
has been continued particularly in the field of x-ray
optics. The segmented toroidal mirror system for the
EXAFS beam line at Hasylab has been completed and
installed. The new technique of fixed mirror support
and alignment (in previous designs all segments were
moved individually) has been shown to provide the
high precision needed for optimal performance. The
segmented toroidal mirror system for the crystallography beam line has been completely redesigned and
successfully installed.
Present day x-ray optical imaging techniques provide
demagnifications of light source dimensions by a factor
of no more than 2 if the beam monochromaticity is not
to be degraded. There is, however, a strong demand for
higher demagnifications in particular for crystallography
in order to match the x-ray beam dimensions to the
small protein crystal sizes. Theoretical investigations
have therefore been made on the imaging of bent
crystals, bent crystal - mirror assemblies, and mirror
systems. This topic will be continued in 1984 aimed at
the practical realization of some promising theoretical
results.

Other activities
A laser scanner for the digitizing of 2-D gels has been
constructed by the laser optics group. This apparatus
can scan a complete gel in less than 60 seconds and is
microprocessor controlled. A software package for data
analysis is yet to be developed.
The multipipette transfer system and the automatic
processing device for 2-dimensional electrophoresis gels
mentioned in the previous report are now operating
successfully.
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The interactive console for the Evans and Sutherland
computer graphics system has been further developed
to enable films to be made under controlled conditions.
This system should be ready for test in early 1984.
The range of electrophoresis power supplies previously
manufactured has, with the agreement of the users,
been rationalized and upgraded. There are now two
"standard" models - a high power (500V 400mA) constant voltage supply and a modular medium power
(500V 200mA) supply capable of independently controlling up to 4 gels in either constant voltage or constant
current mode.
To date more than 50 of the former type have been
supplied to users inside and outside the Laboratory and
10 of the latter are currently in use within the Laboratory.
Development is in progress on a higher voltage version.
Feasibility studies of soft x-ray microscopy (Gabor
in-line holography with x-rays of 23.6A) and of the
newly developed tunneling microscopy are in progress
to investigate their possible application in molecular
biology.
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Biochemical Instrumentation
Programme

The aim of the groups in the Biochemical Instrumentation Programme has been to provide technological,
methodological and experimental support to the biologists at EMBL and other laboratories by developing
new and improved techniques and methods. The activity of the programme ranges from engineering and
applied physics, over computer control and programming to biochemical and biological work, mostly in
close collaboration with the users of the equipment or
methods, preferentially biologists from other scientific
programmes. We have also trained visitors and organized practical courses.
In line with the Scientific Programme of the Laboratory
a new group was established during 1983 which joined
the other two groups in the Biochemical Instrumentation Programme. This group will concentrate on the
synthesis of oligonucleotides and peptides and
sequencing of peptides and proteins.
The group developing microanalytical techniques continues to concentrate on methods for the separation of
cell organelles, the installation of better controls and
additional equipment for cell microinjection and the development of alternative techniques for the introduction
of macromolecules into cells. The protein chemistry
group has continued its work on sequencing of proteins
and refinements of ancillary techniques.
The project for devising new ways of separating subcellular organelles has been continued in collaboration with
the Cell Biology Programme. Efforts are concentrated
on two approaches, one based on the use of magnetic
beads linked with specific antibodies, the other based
on electrical properties of cell organelles and continuous
flow electrophoresis.

In the search for a suitable magnetic bead for the
magnetic separation, different latex, dextran, polyacrolein and polyacrylamide beads containing ferrimagnetic Fe 3 0 4 particles were synthesized. Computations
of the containment model for magnetic particles in
a fluid have indicated the desired bead size and its
magnetic moment. Specification of the parameters necessary for a design of the magnetic separation system
was done using polystyrene beads synthesized at the
University of Trondheim, Norway. These are hydrophobic beads, monodisperse (diameter
mean variation
below 3 0/0) with a magnetite Fe 3 0 4 content of up to
50 0/0. In model experiments with vesicular stomatitis
virus suspended in a medium, good recovery of the virus
was achieved using these beads linked with specific
antibodies. To limit non-specific binding, beads with
a hydrophilic surface will be needed in the future. Such
surface modifications will also help to eliminate the
undesirable aggregation of beads.
One drawback with the existing machines for continuous flow electrophoresis is the complicated manipulation and operation and the need for a skilled operator.
The handling and operation of the commercial machine
have been simplified by the construction of electronics
for automation which the manufacturer will incorporate
in new models. Tests have been aimed at understanding the limitations of the technique, in particular
its sensitivity, that is the minimum charge difference
still resolvable. Another point of importance studied
was the question of why some organelles (Iysosomes,
endosomes) are separated by the technique while others
are not, and what is the origin of the charge difference
in the former case. Finding answers to these questions
could lead to improvements in separation of organelles,
using their biochemical properties to build up selective
charge differences.
To limit damage by UV radiation while observing cells
microinjected with fluorescently-Iabelled material, a sensitive system was set up which permits their evaluation at low light intensities. Further improvements
in sensitivity are expected. A special thermostated
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optical chamber was designed and constructed to keep
cells under microscopic evaluation in viable conditions
even during long observation times. A new type of
capillary was devised, which gives the capillary tip more
mechanical strength. EMBL has two injecting systems
in service for in-house scientists and visitors. The
system is also available commercially from Eppendorf
& Co., Ltd. (Federal" Republic of Germany).

the N-terminal and C-terminal regions were analyzed
and efforts concentrated on finding possibilities to increase the sensitivity. The N-terminal sequence method
has been established for several hundred picomoles of
protein and its sensitivity has been extended, allowing
analysis of samples in the tens of picomole range. Tests
are being performed to improve the sensitivity of the
C-terminal sequence technique.

Under suitable electrical field conditions, the cell membrane may become permeable. When field pulses are
applied in the presence of molecules of nucleic acids
in the cell suspension, some of them are transported
inside the cells. Cell transformation may result and the
potential advantage of this technique is the high number
of cells treated simultaneously. A device for exposing
cells in suspension to a series of high electric field
pulses (up to 40 kVfcm) was built and tests have been
started.

The aim of the newly established oligonucleotide and
protein group is to work on oligonucleotide and peptide
synthesis and to develop microsequencing methods for
peptides and proteins. The group will maintain interests
in research aspects in these areas, e.g. in structures of
short oligonucleotides or catalytic regions of an enzyme.

Two complete DNA sequencing systems are in service
for biologists from EMBL and visitors. Several patents
have been issued to EMBL on two devices involved in
the design. The technique of very thin gels is used
routinely in many laboratories and is now available
commercially (from LKB, Sweden) in two versions: for
DNA sequencing and for protein separation.
The protein chemistry and sequencing group has continued its efforts to improve the techniques for sequence
analysis of proteins. The work was carried out in
collaboration with groups both in-house and in Belgium,
France, the Federal Republic of Germany and Japan. In
addition to using established methods with the improvements already reported, the work has resulted in the
development of an extraction method for proteins and
peptides separated on polyacrylamide gels, designed for
further characterisation and sequencing of the extracted
proteins. A micromethod designed to identify tryptophan during protein hydrolysis has been developed.
In collaboration with the University of Mainz, mass
spectrometry was used to determine partial protein
sequences. Techniques for sequencing proteins from
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After a commercial automatic machine failed to give
satisfactory results, the synthesis of oligonucleotides
is performed using a manual solid-phase methodology
based on phosphoramidite chemistry. Although the
method works well, it is extremely time-consuming for
the operator. Work on automation of the synthesis
process is in progress and the system should be operational during the first half of 1984. Experiments are
being done with the aim of developing methods for the
synthesis of short DNA molecules containing a useful
label which renders possible the detection of the DNA
molecule in subsequent processing.
In view of the demand for a protein sequencing method
requiring only very small amounts of proteins in the
picomole range, the group is constructing a microsequencer based upon the established gas-phase technique. Optimisation of its performance will take place
during 1984. A microprocessor-controlled programming
module has been developed in collaboration with the
electronic workshop at the Laboratory, which may find
other applications in the areas of peptide and oligonucleotide synthesis.

Biological Instrumentation
Programme

The groups in the programme are working on the development of new methods based mostly on recombinant
DNA techniques in conjunction with their own or other
scientific projects. In other words, the goal is the
development of new methods for solving specific problems encountered during the approach to basic scientific
questions.

The pEMBL family
In last year's report we described the construction of a
family of plasmids (pEMBL) which presents a series of
advantages with respect to the existing plasmid vectors.
These vectors are hybrids between bacterial plasm ids
and F1 single-stranded phages. As a consequence
their DNA can be conveniently prepared either in the
double-stranded form or, upon infecton by F1 phage, in
the single-stranded form. pEMBL plasmids proved to be
useful for DNA sequencing or mutagenesis experiments.
We have recently expanded this family to extend the
advantages offered by the pEMBL plasmids to a number
of more specialized vectors. These include yeast shuttle
plasmids which can replicate either in E.co/i or in Saccharomyces cerevisiae and vectors for the expression of
eukaryotic proteins in E.co/i.

Hunting for sequences encoding antigenic
determinants in E.co/i expression vectors

detect in bacterial colonies antigenic determinants of
interest by randomly fusing their coding sequences to
an expression vector. Several vectors have already been
developed in other laboratories for this purpose.
The approach taken at EMBL has been to optimize
the expression of hybrid proteins by constructing a
variety of cro-/acZ gene fusions downstream of the PR
promoter of bacteriophage A and selecting plasm ids in
which optimal expression is achieved. A DNA copy of a
population of messenger RNAs is then randomly fused
coding sequence and transto the
formed into a bacterial strain. After induction of the PR
promoter, the cro-/acZ hybrid protein, which may carry
antigenic determinants encoded in the cDNA copy, accounts for about 250/0 of the total protein in each colony.
The presence of any expressed antigenic determinant
can then easily be screened in situ by immunological
methods. By using these techniques several cDNA
copies of mRNA coding for proteins expressed in the
human liver have been cloned.

Chromosome walking
Some effort has also been devoted to the development
of a cosmid cloning system. Owing to their large
cloning capacity (typically 45 KB or more) cosmid
vector systems offer m'ajor advantages in a number of
applications, for example the analysis of complex gene
loci in mammals or the cloning of intact and functional
genes too large to be accommodated by A-replacement
vectors.
To overcome some of the problems in the construction
and isolation of cosmid clones, we have developed
protocols and vector-host systems designed to simplify
the construction and handling of cosmid libraries and
to substitute the work-intensive and difficult steps
in the identification of cosmid clones by genetic selection
procedures.

A second area of interest has been the development
of vectors and techniques which would allow one to
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Computing and Applied
Mathematics Programme

The main aim of the Computing and Applied Mathematics Programme is to help make the best possible
computational capabilities available to the European
community of molecular biologists, as well as to our inhouse users. This involves (1) developing mathematical
and statistical techniques for interpreting biological data
and distributing these in fully documented computer
program packages that can be run without modification
on most computers; (2) implementing and maintaining
state-of-the-art hardware and software for interactive
graphics and image analysis and m.aking these available
to visitors and in-house users; (3) collecting, organising,
and distributing a nucleic acid sequence data library
(see p. 38), (4) providing and maintaining the facilities
for all of the computing activities at EMBL. Each of
the four groups is mainly involved in one of the above
four activities, but there are also strong overlaps. A
significant amount of effort is also devoted to consulting
and short-term collaborative and support activities.

Data analysis
The computer programme packages described in previous reports continue to be applied, extended, and
distributed to other laboratories. However, the main
focus and new results this year have been in practical applications and tests of two recently developed
large-scale regularization methods for three-dimensional
reconstruction: (1) the optimized series expansion
method for electron micrographs of disordered specimens; (2) maximum entropy methods for micrographs
and/or diffraction patterns of periodic specimens.
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One of the most direct ways of studying biological structure is microscopy. However, it is often not possible
to obtain ordered arrays of identical particles on an
electron microscope grid, and then the usual averaging
methods for three-dimensional reconstruction cannot be
used. Last year's report showed results for simulated
data using a new method that combines information
from many particles with unknown relative orientations
to yield a single (approximately maximum-likelihood)
reconstruction. Special ordering, orientation, or symmetry of the particles is not required. Plates 4 and
5 show some reconstructions from actual micrographs
(in collaboration with members of the Structures Programme). These preliminary results already seem to
indicate that this method should be useful.
Last year's report showed the first detailed unknown
structure (of Pf1 filamentous bacteriophage) determined by a regularization method (maximum entropy).
Data for the native form and only one heavy atom
derivative were used. Many calculations on simulated
data have since been made to confirm the reliability of
this calculation and to find the minimum amount of
data necessary. Even with the native data alone, all
the main features are still obtained but, as expected,
with less detail. The method has also been applied
to three-dimensional reconstruction from electron micrographs of two-dimensional arrays with encouraging
results (see Plate 6). The next step is to combine high
resolution diffraction data with real-space image data
from microscopy or lower resolution heavy atom derivative x-ray data. This last phase extension approach will
hopefully be a stepping stone to a direct method for
solving the phase problem for macromolecules.

Computer graphics
Clear graphical representation and interactive manipulation of the complex structures occurring in biology are
often essential for proper understanding and interpretation. The main area of application is in interactive
molecular modelling, particularly in refining high reso-

PLATE 4

Large B. stearothermophi/us ribosomal subunit (provided by H. G. Wittmann, Berlin) reconstruction obtained by simultaneously analyzing the images of seven
negatively stained particles with 11 tilt angles between
± 40°. The shape and inner part of high density,
which may be due to positively stained nucleic acid,
are reproducible. The shape and dimensions are in
good agreement with current models. The resolution
(automatically determined by approximate statistical
tests) is about 3.5 nm. The scale bar represents 10 nm.
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PLATE 5

Stereo pairs of surface contour representations of threedimensional reconstructions from electron micrographs
by the optimized series expansion method. The contours chosen represent outer surfaces of the structures.
(a) Thin vitrified layer of unstained, unsupported Semliki Forest virus. The geometry inside the virus (arrows) is characteristic for a triangulation number T = 4.
Recording temperature: -160°C. Magnification: x1 05.
(b) Semliki Forest virus reconstruction from a single
micrograph (see a) of an unstained specimen without
tilting. Data from 24 particles were analyzed simultaneously. Two contour levels are shown. The resolution
is about 3.2nm; the scale bar represents 15nm.
(c) One of the contour surfaces shown in (b), with
good agreement with the superposed T = 4 icosahedral
surface lattice with the six-fold and five-fold axes labelled. The full icosahedral symmetry and T =4 lattice
came out of the analysis independently; they were not
imposed a priori. They are in agreement with the most
recent models, although there is still some controversy
over the surface lattice.
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lution structures from x-ray crystallography, but also in
the interpretation and comparison of three-dimensional
reconstructions from electron microscopy (see Plates 4
to 6).
Most of the in-house users and the 17 visitors have
taken advantage of the addition of a stereo image alternating device, which allows a full screen colour display
of high quality on the Evans & Sutherland interactive
colour system. For example, the structures in Plates
4 and 5 will soon be able to be seen (and interactively manipulated) in full three-dimensional detail with
various surfaces throughout the particle by displaying
several contour surfaces, each with its own colour. The
improvement with complex molecular models at atomic
resolution is even greater. Partly because of requests
from outside users, a 16mm camera has also been
acquired and should be operational in early 1984.
In addition to the crystallographic graphics package
FRODO (used for Plates 4 to 6) and the general
graphics utility package GRAMPS (used for Plate 5(c)),
installation of the MIDAS package (for manipulation
of several molecules in the study of interaction and in
animation) was begun. Work has also started on a
general peripheral device handler, which will make the
adaption of graphics programme packages to systems
with different peripheral devices much easier.

Computer operations and maintenance
The computer installation in EMBL, Heidelberg, consists of a VAX-11 /780 and four Nord 10 minicomputers.
Interactive usage of the VAX increased by 80 0/0 this
year, and batch use continued to take up practically
all remaining capacity. The hardware additions this
year were minimal (a plotter and an upgrading of the
port contention unit to handle the increased number of
users).
The SAS statistical software package and the TeX
text processing system were installed. In addition,
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the VAX was linked to the packet-switching (X.25)
network, Datex-P, which permits communication with
computers that are linked to networks in Europe and
elsewhere. However, the main effort has been in making
the VAX system efficient and easy to use (particularly
for the increasing number of beginners) with builtin instruction and help files and increased consulting
activity.

PLATE 6

(a) Conventional Fourier reconstruction from a tilt series
of 49 electron micrographs between ± 56° of a negatively stained two-dimensional array of the pore-forming
membrane protein porin. The stain, which has penetrated the pores, is simply floating in space; the edges
of the array are not visible. The scale bars represent
1nm.
(b) Maximum entropy reconstruction from the same
data used for (a). The edge of the protein layer is now
visible, and the stain is seen to be continuous from the
outside of the protein through the pores.
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Nucleotide Sequence Data Library

In his 1975 book "Computer Data-Base Organization"
James Martin wrote: "The development of corporate
data bases will be one of the most important dataprocessing activities for many years to come. Data will
be increasingly regarded as a vital corporate resource
which must be organized so as to maximize their value."
Eight years later, one can substitute the word "scientific" for "corporate" and make the same prediction.
In some scientific fields, such as high-energy physics,
the importance of large bodies of organized data has
developed gradually as a natural outgrowth of the kinds
of experiments done. In molecular biology, however,
the requirement for dealing with really voluminous data
came up only with protein structural data, and first
became widely recognized with the advent of nucleic
acid cloning and sequencing. Thus, for geneticists and
cell biologists, this requirement has developed suddenly.
In retrospect, one can see the precedent in the aminoacid sequence data, and a few pioneering groups saw
the need for nucleic acid sequence collections quite
early. However, it was not until 1979-80 that centrally
supported efforts in both Europe and the USA were
established. The growth rate of nucleic acid sequence
data since then has exceeded all expectations. It is now
apparent that the sequence data base efforts were begun
just in time: some journals have already decided that
the printed journal page is not an adequate medium for
this type and volume of data, and that the presentation
of such data in their entirety is no longer desirable in
scientific papers.
Data must be organized to be useful, and their organization often determines the ways in which they can be
used. An inherent difficulty in organizing sequence data
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is that they are not neatly reducible: the information is
presented in a language which is not yet understood,
and so it is difficult to predict what sort of analyses
one may wish to perform. For this reason, sequence
data libraries must be viewed as experimental in their
organization, in contrast to data bases in more established fields where the requirements are comparatively
well-defined. A nucleic acid sequence data library, in
particular, must reflect known analysis requirements
while remaining flexible and complete enough to allow
inevitable reorganization at low cost. This has been one
of the primary goals of the Data Library developed at
EMBL.
The third release of the EMBL Nucleotide Sequence
Data Library was announced at the end of 1983, with a
total size (1.6 million bases) of more than three times
that of the initial release in April 1982. This sort
of growth is expected to continue over the next few
years, since it is estimated that this size represents
roughly half of the data already published. The Data
Library is in use in more than 200 academic institutions
and commercial organisations worldwide, and is redistributed with analysis software by at least three
organisations. Four releases are planned in 1984, and
the goal is to reach a frequency of about ten releases
per year by the end of 1985.
An EMBL Data Library collaboration with the American
GenBank effort has been planned for some time, and
implementation of these plans was begun in 1983. In a
week-long series of meetings in October, a very positive
framework for long-term cooperation was established.
Both groups agree that the data collection workload
will be greater than the resources of either group can
alone support, and that the data requirements of the
scientific community are better served by cooperation
than competition. While much detailed planning remains to be done, initial procedures were worked out
for the exchange of data, and for sharing the data
collection load. Computer network technology will be
used to enable very close cooperation even over the
distances involved. Experimental network connections

I

between EMBL and both the Boston and Los Alamos
GenBank sites are already being used for work on the
first visible product of the collaboration: a joint, printed
compendium compiled from the two collections, which
will be published in Spring 1984.
The aim of the EMBL/GenBank collaboration will be
to achieve complete congruency of the contents of two
data bases, and to ensure that submissions, corrections and suggestions from authors and advisors are
uniformly incorporated in both. This will make it unnecessary for any scientist to deal with both groups to
obtain or submit data, since communications with either
group will reach both whenever necessary. Researchers
will thus be able to choose the data base they prefer,
on the basis of the formats offered or geographical
convenience, with confidence that they are working
with the same data in either case. It is also hoped
that a joint effort will be more effective in securing
the cooperation of journals and authors in the efforts
to collect complete and up-to-date data. As might
be expected, many technical and procedural problems
remain to be solved, but both the EMBL and GenBank
groups and their advisory bodies are determined to
make the collaboration succeed.

riod of one year. The contract provides support for one
additional staff member in addition to covering travel
and other expenses related to the establishment of a
Scientific Guidance Committee (SGC) to help advise the
Data Library and the EC on future planning for support
in th.is area. Accordingly, the first meeting of the SGC
was held early in December.
The members of the Scientific Guidance Committee
expressed strong support for the continuing work of the
Data Library at EMBL, and for the developing collaboration with GenBank. It was felt that the services offered
to date have been effective, and should be expanded and
improved in a consistent manner. Several items for the
improvement of the current services were discussed and
recommended, including the following:

Release frequency: Now that the basic pattern of data
distribution has been established, both user demand
and the cooperation with GenBank dictate an increase
in the frequency of release. As mentioned above, the
Data Library will aim to produce 10 releases per year
by the end of 1985.
Protein data: There is clear interest in having protein
sequence data available in a form compatible with the
nucleic acid data now distributed. The Data Library is
exploring ways to meet this requirement.

Another cooperative effort which has developed in 1983
is that with the journal Nucleic Acids Research. NAR
now routinely requests "clean copies" of sequence data
submitted with papers for forwarding to the EMBL Data
Library, and has modified its instructions to authors
accordingly. The response to this arrangement began
slowly, but has steadily improved throughout the year.
NAR also notifies authors of sequence papers that the
Data Library would prefer to receive data in computerreadable form where this is feasible. It is hoped that
the fraction of data submitted in this form will grow in
the future, especially if the help of other journals can
be obtained together with GenBank.

On-line service: There was a strong recommendation
that the Data Library begin to offer some sort of "online" access to the sequence data to serve researchers
who have no way to deal with the entire Data Library
in its distributed form. (On-line in this sense means
interactive access to a host computer at EMBL via
telephone lines or computer network.) This would be
especially advantageous for scientists who have small
"personal" computers for which they wish to retrieve
only a small subset of the data base.

The continuing negotiations with the European Community resulted, at the end of 1983, in a contract to
financially assist EMBL's Data Library efforts for a pe-

The Data Library is considering these possibilities carefully, and is using present work with computer networks
to help assess the feasibility of access to an EMBL
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computer by this method. However, the present computing facilities at EMBL would be unable to support
the additional load which would be generated by such
a service. Actual implementation of an on-line service
of any kind will thus depend to a large extent upon
expansion of the present computing resources.
Software: Presently, the Data Library distributes only
data. However, there is a widespread feeling that it
would also be desirable to distribute software providing
some kind of retrieval and analysis capabilities. One
problem in doing this is that there is relatively little
agreement on exactly what sort of software would be
required, since these requirements are currently changing rapidly due to the development of research in this
area. As recommended by the SGC, EMBL plans to use
some of the EC funds to support European discussion
of these requirements, and to formulate collaborative
plans for meeting them.

The next meeting of the SGC will be held in September
of 1984. A primary goal of that meeting will be to draft
recommendations for further EC involvement in and
support for information services in European molecular
biology, including the Data Library at EMBL.
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The outstation at the DESY,
Hamburg

DORIS has produced useful synchrotron radiation during 160 days in 1983: 100 days in the parasitic mode
when radiation was available both in the old laboratory
and in HASYLAB and 60 days in the dedicated mode
when only the more intense radiation was available in
HASYLAB. The main difference between the two modes
of operation is that during parasitic shifts the intensity
is lower, the life time of the beam is only about two hours,
and the machine runs with a lower efficiency,
of the order of 50 0/0. Further, in the parasitic mode
the storage ring is operated in the single bunch mode
whereby the intensity is concentrated in a flash of 150
ps with a repetition rate of 1 MHz. This makes experiments using detectors in the photon counting mode,
such as EXAFS and time-resolved scattering, difficult
owing to the occurrence of multiple events which have
to be rejected, thereby reducing the efficiency of the
instruments. Data collection for protein crystallography
with films, which are integrating detectors, is unaffected
by these phenomena but this situation will of course
change as soon as non-integrating area detectors are
used.
The first shifts at 5.3 GeV have shown that the instruments are adequately shielded, so that no major problems are expected in 1984 when DORIS will normally
be run in these conditions.
In the dedicated mode the storage ring is operated in
the multi-bunch mode with electrons only. Recently,
currents around 100 mA with lifetimes of approximately
8 hours were routinely obtained at 3.7 GeV, confirming
that DORIS is still the best available synchrotron radi-

ation x-ray source. Improvements can, however, still
be expected especially now that the staff of HASYLAB has been supplemented by a machine physicist
who will specifically investigate problems related to the
optimization of the storage ring for the production of
synchrotron radiation.
The long periods of beam time have put very high
demands especially on the experimentalists. More than
100 visitors from approximately 40 different laboratories
had to be taken care of by, on average, three experimental scientists. As a result of this, the daily running and
maintenance of the facilities for routine use was done
at the expense of improve.ments to the instruments and
preparation of more sophisticated experiments. In the
long run, such a situation could be detrimental not only
to the quality of the facilities which the Outstation can
provide, but also to that of its scientific output.
There is, however, some hope that, despite the 23 weeks
of parasitic beam time and 11 weeks of dedicated beam
time already planned in 1984, the situation will ease off
slightly when the staff which left in 1983 have been replaced and the new position for protein crystallography,
which has very recently become available, is filled.
It was very gratifying for the entire staff to see that the
Users Workshop, organized at the Outstation at the
end of November, attracted 120 participants. Besides
presenting interesting scientific results, mainly obtained
since the restart of DORIS in 1982, and aspects of
the use of synchrotron radiation which are not covered
by the activities of the Outstation, the meeting illustrated once more that, over the years, the Outstation
has become a meeting place for the entire community
using synchrotron radiation for biological applications.
This feature of the Outstation is also illustrated by
the excellent collaborations, both scientific and in the
development of instruments, which exist with groups
in HASYLAB (Hamburg), LURE (Orsay), the SRS
(Daresbury) and PULS (Frascati) as well as in the
participation of several staff members in the activities of
the European Synchrotron Radiation Project (ESRP), a
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project to which EMBL has allocated three man-months
of its scientists as a contribution for the planning.
The facilities at the Outstation are not only attractive to
European groups but increasingly also to groups from
the USA who also provide some of the most exciting
projects, especially in protein crystallography.

Instruments
New holders were made for the mirror segments of the
X31 beam-line for protein crystallography in HASYLAB,
to facilitate the alignment of the mirror.
The double-focusing mirror was installed on the EXAFS line in HASYLAB making this instrument one of
the best available as illustrated below by the results
obtained on very dilute systems during the last measurement period. The major limitation, in terms of the
quality and quantity of data and the acquisition time
(limited by radiation damage), is still the instability of
the storage ring.
The mechanical parts of these instruments were built in
collaboration with the construction office and mechanical workshop in Heidelberg.
A new collimator system, optimized for data collection
with very small samples, was installed on both protein
crystallography instruments. Other improvements on
these instruments include cylindrical film cassettes for
very high resolution data collection and a computer controlled movable beam stop for exposure of the primary
beam on the film.

Technical support
As always, the enthusiasm of the technical staff at the
Outstation was a key element in the success of the
experiments. Besides the maintenance and repair jobs
which have more often than not to be carried out at very
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short notice, a major effort was made in enhancing the
instruments wherever possible and in helping visitors
with specific requests.
Development of new systems
Development of detectors has continued in collaboration
with groups in Heidelberg and Grenoble. A CAMAC
display system and interactive data evaluation software
for use with area detectors were implemented.
The design and implementation of the hardware (pixel
bus, memory modules, control unit for dedicated processors and display processor) for the new data acquisition system have progressed to the point that this group
can now be joined by a high level software engineer, who
will take up his position during the first part of 1984.

Experiments

Protein crystallography
Applications consisted mainly of native and isomorphous data collection, anomalous diffraction for experimental phasing and low-temperature crystallography.
With the improvements to the collimation system it was
possible to collect high resolution data from structures
with cell dimensions up to 450A and from crystals
with dimensions as small as 10J..Lm. Further, using
the new low-temperature flow cell it was for the first
time possible to collect several high resolution data sets
from one trypsin crystal in different solvents during an
enzyme-substrate binding study.
The quality of the data which can be collected is
best illustrated by the photographs in Plate 7. Some
outstanding examples of the applications carried out in
1983 include the full native data collection for rhinovirus
and the membrane proteins bacteriorhodopsin, matrix
porin and HLA.

PLATE 7

6° rotation photograph of bacteriorhodopsin (H. Michel,
Martinsried) taken at -15°C. Hexagonal space group
(P622) with cell dimensions a = 54.oA, b = 54.oA,
c = 225.oA. Crystal-film distance 90mm, wavelength 1.47A.
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The most exciting results are, however, the obtainment
of the first diffraction patterns to about 10A resolution
from the 50S ribosomal subunits.

Outstation concentrating on the experimental part and
the BSL on data evaluation.
EXAFS

A new technique, nanosecond time-resolved crystallography using the pulsed time structure of synchrotron
radiation, has been developed in collaboration with the
Institute of Applied Physics, University of Hamburg for
a study of the change of ionic radius of cerium after
laser excitation in an inorganic structure. After this
first successful experiment it is planned to apply this
technique to biological structures.

The optical system of the instrument was completed
during the summer. It enables studies of samples
of metallo-enzymes with concentrations around 1mM.
Two new staff members, 1 scientist and 1 predoctoral
fellow, took up their positions in September. They
will be involved, besides the experiments, in theoretical
developments required for the analysis of EXAFS data
from biological systems.

Time-resolved measurements
The detailed analysis of the results of the work on rapid
transients on striated muscle was published and data
acquisition has concentrated on the behaviour of the
actin layer lines. Among other interesting results, it
could be shown that an active movement of tropomyosin
occurs upon activation to allow myosin to bind to actin.
The data for the project on tubulin polymerization
were analyzed and the results are reported in several
publications.
Stopped-flow experiments on the assembly of brome
mosaic virus (BMV) capsids in collaboration with groups
from the Grenoble Outstation and LURE (Orsay) gave
evidence for the presence of intermediate aggregates
during the assembly process. Preliminary results were
reported at the November meeting at the Outstation. Several outside groups pursued their studies on
the structure and properties of collagen from various
sources. Details of this work can be found in the
publications of these groups.
During the second part of 1983, there was no full-time
staff left for time-resolved measurements and several
projects on the assembly properties of collagen, actin,
actomyosin as well as the in-house project on structural
transitions in chromatin were delayed. At present,
some of these projects are run in collaboration with
the Biology Support Laboratory (BSL) Daresbury, the
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The effort has concentrated mainly on two projects: (a)
the study of the zinc sites in liver alcohol dehydrogenase
(in collaboration with a group from the University of
Saarbrucken) and (b) the influence of calcium ions on
the geometry of the copper site of hemocyanin (in
collaboration with groups from Rome and Frascati).
Most of the data were collected during the last main
user period in December and are now being analyzed.

The outsta'tion at ILL, Grenoble

The Outstation in Grenoble is located at the Institut
Laue-Langevin (ILL), a joint British, French and German
organization which has a reactor providing a very high
neutron flux. The main role of the Outstation is to make
the best possible use of neutrons in molecular biology.
EMBL provides physical methods which are complementary to neutrons (x-rays, electron microscopy, light
scattering), a biochemical laboratory and a deuteration
facility to provide neutron users with the deuterated
macromolecules they may require. An important aspect of the Outstation activity is a service to help
visitors in using neutrons or the facilities available in
the Laboratory. This is done in close cooperation
with the ILL staff, which in the past alone assumed
responsibility for the building and maintenance of the
neutron instruments. Now EMBL is also taking an
active part in the building of a diffractometer which, in
contrast to the other ILL instruments, will be dedicated
to biological experiments. This instrument, which will
allow structural studies of complex objects by neutron
diffraction up to a resolution of 15A, will be assembled
and commissioned in the Spring of 1984.
The service activity is developed in parallel with an
in-house scientific programme which tries to make the
best use of the various physical methods (including
neutrons) and of the biochemical facilities available in
the laboratory. The in-house programme includes the
following topics:

Protein dynamics
Neutron inelastic scattering provides, through the very
large neutron proton interaction, direct information on

the internal motions in a protein. A programme has
been started to investigate fully the power of the
method. It includes experimental work on relatively
simple systems (bovine pancreatic trypsin inhibitor,
for instance) coupled with theoretical analysis done in
collaboration with Harvard (USA) and Birkbeck College
(London). This is a long-term project which, in the
future, may require deuterated enzymes with specific
proton labels. The aim of this project is to understand
the enzyme activity, which cannot be explained from the
pure static structure.

Structural biology
The programme has developed in three main directions:
viruses, membrane proteins and complexes between
tRNA and enzymes involved in protein synthesis.
A plant virus, brome mosaic virus (BMV), and the
adenovirus have been selected for study. The kinetics of the formation of protein capsids of BMV from
monomers has been studied in the time range 50 msec
up to one hour, using x-rays, light-scattering and electron microscopy; the data are now being analyzed and
a model is emerging. The structure of the virus is
now being investigated by cross-linking between the
RNA and the protein, to complement the low resolution
model derived from neutron scattering. The structure
of the RNA in solution has been shown to be more
open than inside the virion, showing that the proteins
are required to compact it. Neutron scattering from
mutants of adenovirus have helped to localize some of
the virus proteins. Crystals of the fibre good enough
for crystallographic studies have been obtained. The
packing in the crystals has been determined and the
fibre has been shown to contain a dimer of the fibre
polypeptide.
Membrane proteins are crystallized after solubilization
by detergents and extensive studies are being made
of those detergents, mainly C S E5 , to understand the
mechanism of crystallization. With the matrix porin,
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which has been crystallized and is being investigated by
x-rays at Heidelberg and Hamburg, neutron diffraction
is used to determine the arrangement of the detergent
around the protein from data collected at low resolution
(16A) with various amounts of 0 2 0 in the crystal.
Neutron diffraction from crystals of tRNA and tRNA
synthetase is being studied (in collaboration with CNRS
in Strasbourg) to obtain the structure of the complex
from low resolution data in various contrasts (as for
the matrix porin). Electron microscopy is used in
parallel to reveal its shape. The complex between tRNA
and elongation factor EF-Tu has been analyzed with
biochemical methods, while attempts to crystallize it
are being pursued.

Instrumentation
We have already mentioned the cooperation with ILL
in building a neutron diffractometer. The EMBL will
be responsible for the computer, data acquisition and
the data treatment. The detector group in Grenoble
is building a detector for this instrument. This group
has also built several one- and two-dimensional x-ray
detectors for the EMBL laboratories at Hamburg and
Heidelberg, and also for the Stanford, Daresbury, and
LURE laboratories. It is also involved in detectors for
gel analysis especially for the Institut Pasteur.
The deuteration facility has emphasised the production
of highly deuterated biomolecules for neutron work
and increasingly for NMR studies. Using methods of
genetic manipulation the production of large quantities
of specific fully deuterated proteins is possible. They
will be used for protein dynamic studies.
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Administration

Financial situation
To facilitate comparison, a summary of the financial
situation is presented in two tables in the same form as
last year. Table 1 summarizes the budgeted and actual
expenses during 1983 and Table 2, which includes the
Budget for 1984, gives an indication of general trends.

TABLE 1
SUMMARY OF THE LABORATORY'S BUDGETED AND ACTUAL INCOME AND EXPENDITURE DURING 1983
Income

Budget
KDM

Actual
KDM

4,509

4,509

Liquidation of Reserve

559

558

National Contributions

33,200

33,200

Bank Interest

800

667

Pension Scheme

725

738

4,861

4,226

655

744

45,309

44,642

Carried forward from '82

Internal Tax
Unpaid Commitments
and Other Income
Total Income
Reduced Income

Totals
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667

45,309

45,309

Expenditure

Budget
KDM

Actual
KDM

Staff Costs
(inc!. Internal Tax)

25,222

22,860

Operating Costs

13,660

12,610

5,918

5,829

509

509

45,309

41,808

Capital Expenditure
Reserve

Total Expenditure
Provisions not spent
or committed
Totals

3,501

45,309

45,309

TABLE 2
TRENDS IN THE LABORATORY'S INCOME AND EXPENDITURE 1982-1984
Income

Carried forward
from previous year
Liquidation of Reserve
Ordinary Contributions

Actual
1983
KDM

Actual
1982
KDM

2,834

4,509

6,102

509

558

672

36,000

33,200

30,200

Budget
1984
KDM

Budget
1984
KDM

Actual
1983
KDM

Actual
1982
KDM

Staff Costs
(Net)

21,195

17,896

16,865

Operating Costs

13,540

12,610

12,575

5,300

5,829

4,697

634

509

558

2,834

4,509

39,678

39,204

Capital Expenditure
Reserve

Special Contribution
Greece

125

Bank Interest

600

667

1,200

Other Income

601

744

1,030

40,669

39,678

39,204

Totals

Expenditure

Carried forward to
following year

Totals

40,669

Personnel policy
The increase in personnel, the staffing requirements
of the new Scientific Programme and the flexibility
required for an international laboratory in molecular
biology have made changes necessary in the present
contract system.
The EMBL Council therefore asked a Working Group
to draw up proposals regarding work contracts and to
submit these to the Autumn meeting of the Council in
November 1983.
In line with these proposals, a more differentiated contract system was adopted by the Council for inclusion
in the Staff Regulations.

This new system recognizes the need for turnover in
scientific staff and their technical assistants, as well as
the importance of continuity among the personnel in the
service sector.
The system provides for three types of contract, namely
fixed-term, open-ended and indefinite contracts.
The introduction of this contract system brings to an
end a prolonged period of uncertainty and provides each
member of personnel with more exact information about
the contract situation.
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Social security

Accident-at-work insurance

Health insurance

At its meeting in November 1983 the EMBL Council
agreed to the introduction of the Laboratory's own
Accident-at-work Insurance for staff members in the
Federal Republic of Germany who are in the EMBL
Pension Scheme.

A financial consolidation of the Laboratory's own Health
Insurance Scheme was achieved in 1983. It had shown
increasing losses in the period 1980-1982 because of the
rise in health costs in the two EMBL host countries, the
Federal Republic of Germany and France.
Following an increase in the rate of contributions as
from 1.7.1982 and agreements with various health authorities from 1983, the deficit at the end of 1983 was
almost eliminated.

Unemployment insurance
Following the setting-up of EMBL's own Unemployment
Insurance System for staff members with effect from
1.1.1982 a positive balance was achieved in 1983, comparable to that of 1982.
In 1983 one former staff member drew benefits from the
system for a period of two months.

As from 1 January 1984 these members of personnel will
leave the national Accident-at-work Insurance Scheme
and will be compulsorily insured in the new EMBL
system.

General service
During the past year the first effects of the reorganisation of the Administration initiated in 1982 became
apparent.
Following careful studies, the Laboratory took certain
services under its direct control, including the security
services, the canteen management and the servicing and
maintenance of scientific equipment. These changes
appear to result in considerable savings.

Pension scheme
The results of an actuarial report on the financing of
our pension obligations confirmed the Management's
fears of over-burdening the budget in coming years
if the pensions were directly covered by the present
contributions from the Member States.
The Working Group set up by Council in 1983 in connection with the revision of the Staff Rules and Regulations
will, at one of their forthcoming meetings, consider
the problems of the pension scheme and in particular
any budgeting difficulties which may arise from pension
payments.
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Guest-house
The difficult accommodation situation in a university
town like Heidelberg affects particularly some EMBL
personnel, such as guest scientists, fellows and those
seconded to us from other scientific organisations who,
as a rule, only stay here for a short time. In consequence, the Administration has been forced in past
years to rent and furnish numerous apartments in Heidelberg and the surrounding area and to sublet them
to personnel, but a satisfactory solution was never
reached. The Administration therefore proposed to
Council that a guest-house be built or rented in the
immediate vicinity of EMBL.

Because of the financial burden involved in building a
guest- house, the Council agreed that one be rented for
ten years in the first instance.
The Federal Republic of Germany supported this decision generously by providing the cost for furnishing and
equipping the guest-house.
The guest-house now under construction will have a
capacity of at least 47 accommodation, units of various
sizes, and is situated on the Boxberg, about 800 meters
from EMBL. It is expected that the building will be
ready for occupation towards the end of 1984 or the
beginning of 1985.
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Visitors during 1983

30/31.01.1983 Mr. and Mrs. Hamelech, Mayor of
Rehovot and Mr. and Mrs. Goschen,
Mayor of Kiriat Motzkin, Israel
01.03.1983

25.03.1983

Dr. Rembser, Dr. Loosch and Dr. Mbnig,
Ministry of Research and Technology,
Bonn
Prof.Dr. S. Fukui, University of Kyoto;
Prof.Dr. I. Watanabe, Member of the
Scientific Council of the Ministry of
Education, Science and Culture;
Prof.Dr. K. Matsubara,
University of Osaka;
Prof.Dr. H. Harada,
University of Tsukuba;
Japan

10.05.1983

Mr. W.-M. Catenhusen, Member of the
Parliamentary Committee on Science and
Technology, Bonn

16.06.1983

K. Kazukuma, Head, Dept. of General
Services, City Administration;
T. Tazoe, President, Chamber of Industry
and Commerce;
M. Okitsu, President, Culture Association;
K. Kamado, Director, Dept. Planning and
Public Relations;
H. Matsumoto, Member of the GermanJapanese Association;
Kumamoto, Japan
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01.07.1983

Mayor of Heidelberg
R. Zundel and the City Council

21.07.1983

Dr. J. Hradec, Dept. of Biochemistry,
Oncological Institute, Prag

16.08.1983

Mr. R.R. Arndt, Deputy President of the
Council for Scientific and Industrial
Research, Pretoria, South Africa

27.09.1983

Ms. Abrahamin, Weizman Institute,
Rehovot, Israel

10.10.1983

Prof. Gao, Prof. Lu, Prof. Yang,
Prof. Qian, Prof. Zhao, Prof. Wang,
People's Republic of China

10.10.1983

Dr. Barth, Chairman of the Parliamentary
Committee on Science and Technology,
her assistant A. von Gleich, as well as
Dr. Daniels and Mrs. Friedrich, scientific
staff members, Bonn

28.11.1983

Prof.Dr. G. zu Putlitz, Rector,
University of Heidelberg

09.12.1983

Dr. P.C. Campos, President of the
National Academy of Science and
Technology and Chairman of the
National Research Council, Phillipines

Guided Tours during 1983

Working Group "Anthropogenetics and
Recombinant DNA", Association of
Biologists; Utrecht, The Netherlands,
32 persons

13.10.1983

Visiting scientists from the U.S.S.R.,
7 persons

19.10.1983

Delegation of Biotechnologists from
Taiwan, 10 persons

15.04.1983

Faculty of biological-technical assistants
Uberlingen, 18 persons

20.10.1983

Japanese delegation, 6 persons

24.06.1983

Trade Handicraft and Science working
district for young people in BadenWOrttemberg, Stuttgart, 44 persons

07.11.1983

Journalists from Tokyo, New York,
Chicago, Los Angeles, Members of
the "Heidelberger Prince Club",
14 persons

13.09.1983

Students of the Agricultural University,
Wageningen, The Netherlands,
26 persons

14.11.1983

Group of schoolchildren of the BoxbergGymnasium Heidelberg, 20 persons

15.09.1983

Students of the Biochemical Department
of the University of Bergen, Norway,
41 persons

14.12.1983

Group of schoolchildren of the BettinaGymnasium (speciality biology),
Frankfurt/Main, 16 persons

19.09.1983

Group from a Kibbutz in Israel,
8 persons

16.12.1983

Group of schoolchildren of the GeorgBOchner-School (Gymnasium), Darmstadt, 18 persons

23.09.1983

Delegation from Cambridge, 6 persons

05.04.1983

Total number of visitors: 266 persons
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TABLE 3
TURNOVER OF STAFF 1983
Departures

Arrivals

Difference

Staff Members

19
1. 1. 1983 - 231

41
31.12.1983 - 253

+22

Supernumerary
Staff

21
1. 1. 1983 -

30

53
31.12.1983 -

62

+32

Trainees

11
1.1.1983 -

4

14
31.12.1983 -

7

EMBL Post-Doctoral
Fellows

10
1. 1. 1983 -

9

EMBL Pre-Doctoral
Fellows

5

Visiting
Scientists

4

EMBO Fellows

13
1.1.1983 -

Other External
Fellows

13
1. 1. 1983 -
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1.1.1983 -

13

6

31.12.1983 9

5

31.12.1983 -

17

18
31.12.1983 -

15

9

15
31.12.1983 -

11

21

20
31.12.1983 -

28

1.1.1983 -

+

3

-

4

+

4

+14

+

2

+ 7

Director-General

Lennart Philipson

Secretaries
Waltraud Ackermann
Nelly van der Jagt

Internal auditor
Joachim Willert (part-time)
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Staff and Visitors

Central Laboratory,
Heidelberg
Cell Biology

x indicates group leaders
* indicates part of the year only

Programme Coordinator
Kai Simons (Senior Scientist)

Secretary
Annie Steiner

Scientists
Bernhard Dobberstein x
Henrik Garoffx
Gareth Griffiths
Kathryn Howell x
Thomas Kreis x *
Sune Kvist
Karl Matlin
Gerrit van Meer*
David Meyer
Paul Quinn
Hubert Reggio *
Keith Stanley
Clive Walter*
Graham Warren x
X

X

X

Fellows
John Armstrong (Cambridge) (Roy.Soc./SRC)
Daniella Avossa* (Padua) (Heineman Stiftung)
Jitka Balcarova* (Heidelberg) (DFG)
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Carl-Hendrik von Bonsdorff (Helsinki) (EMBO)
Brian Burke* (London) (EMBO)
Daniel Cutler (Warwick) (EMBO)
Eileen Devaney* (Liverpool) (Wellcome Trust)
Carol Featherstone* (Birmingham) (Roy.Soc.)
Stephen Fuller (USA) (Helen Hay Whitney)
Jean Grunberg* (Geneva) (EMBL)
Barry Gumbiner* (USA) (Helen Hay Whitney)
Claudia Kondor-Koch (Frankfurt) (DFG)
Jean Paul Luzio* (Cambridge) (EMBO)
Gerrit van Meer* (Utrecht) (EMBO)
Paul Melancon* (Canada) (NATO)
Karen Miller* (Liverpool) (EMBL)
Marja Pesonen* (Helsinki) (EMBO)
Helga Plagens* (Heidelberg) (EMBL/DFG)
Jonathan Rothblatt (USA) (NIH)

Predoctoral fellows
Hans-Gerhard Burgert (Tubingen) (DFG)
Marie Galteau* (Nancy) (EMBL)
Harald Haymerle* (Cambridge) (EMBL)
Michael Hortsch* (Rehovot) (Verband Chem. Ind.)
Stella Hurtley* (Cambridge) (EMBL)
Wolfgang Lauer (Freiburg) (DFG)
Joachim Lipp (Heidelberg) (DFG)
Heimo Riedel (Ulm) (EMBL)
Sharon Tooze (USA) (EMBL)

Technical assistants
Brigitte d'Arcy-Juchs*
Ruth Back*
AI ix Cockcroft
Ruth Giovanelli*
Ulrike Hellert
Birgit Hub*
Doris Hubsch
Iris Killisch*
Elke Krause
Markus Lipfert
Klaus Meese* (part-time)
Chris Morris
Anssi Mbrttinen*
Annemette Ohlsen
Carina Raynoschek
Ursula Reuter-Carlson
Ulrike Riedinger*
Annette Scharm
Jennifer Sigler*
Susanne Stampfli
Beate Timm
Karin Tinter*
Hilkka Virta
Paul Webster*
Jenny Wellsteed*
Sabine Zimmerman*

Visiting workers
A. Archibald* (Edinburgh)
B. Arnold* (Heidelberg)
J. Beardmore* (Liverpool)
N. Borgese* (Milan)
J.M. Edwardson* (London)
K. Geering* (Lausanne)
T.R. Hesketh* (Cambridge)
I. Ibrahimi* (Jordan)
S. Pfeiffer* (USA)
H. Ploegh* (Cologne)
L. Roman* (USA)
C. Sardet* (Villefranche-sur-Mer)
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Differentation

Programme Coordinators
Jan-Erik Edstrom (Senior Scientist)
Thomas Graf* (Senior Scientist)

Secretaries
Birgit Blanasch*
Wendy Moses

Scientists
Hilary Anderson x
Ursula Bassemir
Hartmut Beug* x
Jean Burckhardt*
Gennaro Ciliberto
Riccardo Cortese x
Anne-Marie Frischaufx
Patricia Kahn*
Hans Lehrach
Lulla Melli
Jurgen Milde
Rolf Muller* x ,
Vi ncent Pi rrotta x
Manfred Renz x
Lucas Sanchez x
Nick Strausfeld x
Bjorn Vennstrom* x
Erwin Wagner* x
X

Maria Pia Bozzetti* (Bari) (It. Min. Educ.)
Marya Bucan* (Belgrade) (DAAD)
Barbara Butler* (Zurich) (Univ. Zurich)
Marta di Carlo* (Palermo) (Univ. Palermo)
Chai Jian-Hua* (China) (EMBL)
Vittorio Colantuoni (Naples) (EMBO)
Francesco Costanzo (Naples) (EEC)
Klaus Damm* (Heidelberg) (Isr.-German Coop.)
Luciana Dente (Naples) (EMBL)
Chiara D'Onofrio* (Naples) (EMBO/
Ital. Min. Educ.)
Ottavio Fasano (Naples) (FEBS/EMBL)
Eckart Gundelfinger (Tubingen) (EMBO)
Pirjo Lehtinen (Turku) (Humboldt)
Francesco Mancini* (Naples) (Univ.Naples)
Evelyne Manet* (Lyon) (EMBO)
Ricardo Pastrana* (Madrid) (EMBO)
Julian Perera* (Madrid) (EMBO)
Hans-Richard Rackwitz (Munich) (EEC)
Giovanni Raugei (Berlin) (EFI)
Nora Riedel-Kleinschmidt* (Heidelberg) (EMBL)
Dan Rohme (Lund) (EMBO)
Ulrich Ruther* (Cologne) (EMBO)
Hidetoshi Saiga* (Japan) (EMBL)
Claudio Santoro* (Turin) (EMBL)
Angelo Spena (Naples) (EMBL/EEC)
Silvia Stabel* (Cologne) (EMBO)

Predoctoral fellows

X

Fellows
Becky Adkins* (USA) (DFG)
Giuliamo Bensi* (Naples) (EFI)
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Margit Burmeister* (Rehovot) (EMBL)
Christina Crimaudo* (Milan) (Annavilla Rusconi;
Ass. Ital. per il Cancro; EEC; DAAD)
Elliot Ehrich (USA) (EMBL)
Vincenzo Esposito* (Naples) (EMBL)
Lars Frykberg* (Uppsala) (EMBL)
Ricardo Galler (Brazil) (NatI.Council.f.Sci.
and Technol. Dev.)
Bernhard Herrmann* (Wurzburg) (EMBL)
Mats Jansson* (Uppsala) (EMBL)
Thomas Jenuwein* (Heidelberg) (EMBL)
Achim Leutz* (Heidelberg) (EMBL)
Celestina Mariani (Nijmegen) (EMBL)

Horst Molders* (Cologne) (EMBL)
Tina Pietropaolo* (Naples) (EMBO)
Hermann Steller (Frankfurt) (EMBL)
Diethard Tautz (Tubingen) (MPG)
Marco Tripodi (Rome) (EMBL)
Robert Weinzierl* (London) (EMBL)
Fritz von Weizsacker* (Bonn) (EMBL)
Gunther Zehetner (Salzburg) (EMBL)

Trainees
Guiseppe Cardone* (Naples) (DAAD)
Ulrich Nentwig* (Tubingen) (DFG)
Jill Prafke* (USA) (DAAD)
Dieter Zopf* (Wurzburg) (Univ. Wurzburg)

Visiting workers
F. Altruda* (Turin)
K.S. Babu* (Frankfurt/Tirputy)
D. Bachiller* (Madrid)
J.P. Bacon* (USA)
F. Barth* (Frankfurt)
D. Byers* (Canada)
P. Campell* (Glasgow)
C. Dode* (Paris)
H. Duve* (London)
K. Fischbach* (Wurzburg)
V. French* (Edinburgh)
T. Friedman* (USA)
J. Guesnet* (Paris)
L. Guilbert* (Basel)
A.G. Guo* (Beijing)
T. Higashinakagawa* (Japan)
U. Homberg* (Berlin)
E. Horn* (Karlsruhe)
M. Izquierdo* (Madrid)
P. Jaksch*(Regensburg)
D. Johnson* (USA)
T. Kakunaga* (USA)
M. Kemmel* (Gottingen)
K. Kirschfeld* (Tubingen)
U. Koch* (Kaiserslautern)

D. Leader* (Glasgow)
R. Lorenzetti* (Milan)
T. Moritz* (Bochum)
Y. Ie Parco* (Marseille)
A. Parmeggiani* (Palaiseau)
E. Perlino* (Bari)
O. Pongs* (Bochum)
A. Reissland* (Bielefeld)
E. Sbisa* (Bari)
G. Scapigliati* (Siena)
K.H. Scheit* (Gottingen)
K. Schildberger* (Seewiesen)
G. Schuler* (Mainz)
H. Steinbiss* (Cologne)
K. Straby* (Umea)
A. Thorpe* (London)
C. Traboni* (Naples)
H. Vassin* (Cologne)
H.J. Wunderer* (Seewiesen)
M. Zimmer* (Gottingen)

Technical assistants
Monika Andersson
Claire Brady*
Christa Brockl
Robin Buckland
Richard Burt
Helene Cambier
Beatrice Claude
Joep Defesche*
Gabi Doderlein*
Christopher Gray*
Sigrid Grieser*
Waltraud Hilscher*
Hildegard Kluding*
Elisabeth Kowenz*
Christina Kurz
Dagmar Muller*
Shona Murphy
Kristina Nordstrom*
Gabriele Pilz
Anne-Marie Poustka
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Valentino Romano
Harjit Seyan
Petra Stevenson
John Telford
Mirka Vanek*
Carmen Walter*
Renate Weisskirchen

Biological Structures

Programme Coordinators
Demetrius Tsernoglou (Senior Scientist)
Jurg Rosenbusch (Senior Scientist)

Secretary
Christine Barber

Scientists
David Banner
Hajo Delius x
Jacques Dubochet X
Alan Fowler
Geoff Kneale*
Barbara Koller
Kevin Leonard x
Jean Lepault
Michael Moodyx
Dietrich Suck x
Fritz Winkler x
X

Fellows
Jitka Balcarova-Stander* (Heidelberg) (DFG)
Waltraud Folkhard* (Graz) (EMBO)
Waltraud Hoffmann* (Heidelberg) (EMBL)
Werner Kuhlbrandt* (Zurich) (EMBO)
Ronald Milligan* (USA) (EMBO)
Malcolm Page* (Newcastle upon Tyne) (EMBO)
Paolo Riccio* (Bari) (Ital. Min. Educ.)
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Predoctoral fellows
Bernhard Borkhardt (Copenhagen) (EMBL)
Ray Brown* (London) (EMBL)
Benedicte Dargent* (Marseille) (EMBL)
Armin Lahm* (Heidelberg) (EMBL)
Harald Lahm (Heidelberg) (EMBL)
Dietmar Manstein* (Hannover) (Univ. Hannover)
Christian Oefner (Heidelberg) (EMBL)
Kyria Tietze* (Heidelberg) (EMBL)

David Kirk*
Alasdair McDowall
Kyriacos Petratos
Adelheid Schneider*
Alec Tucker

Trainees
Jane Colerangle* (Basel) (EMBL)
Klas Hedenstierna* (Gothenburg) (DAAD)
Reinhold Rausch* (Heidelberg) (EMBL)

Visiting workers
S. Hamodrakas* (Athens)
H. v. Heerikhuizen* (Amsterdam)
R. Henderson* (Cambridge)
U. Hinz* (Basel)
R.H. Lange* (Giessen)
D. Marvin* (Cambridge)
F. Pattus* (Paris)
S. Schenkman* (Brazil)
M. Stewart* (Cambridge)
A. Yonath* (Rehovot)

Technical assistants
Marc Adrian*
Talmon Arad
Allan d'Arcy
Brigitte d'Arcy-Juchs
John Berriman
Jill Clarke-Berriman
John Dickson*
Graham Frost*
Waltraud Hilscher*
Carl Jone*
Peter Jones
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Physical Instrumentation

Visiting workers
J.-C. Homo* (Strasbourg)
J.H. Kan* (Leiden)

Technical assistants

Programme Coordinator
Arthur Jones (Senior Scientist)

Secretary
Wendy Moses

Scientists, engineers
Michele Albrecht
Christian Boulin x
Jean Davoust*
Bob Freeman
Erich Gilberg X
Richard Kempf
Brian Unitt
Roel Wijnaendts van Resandt

Electronic Workshop

X

Fellow
Jacky Feltz* (Mulhouse) (EMBL)

Predoctoral fellows
Maximilian Haider* (Darmstadt) (EMBL)
Ernst Stelzer* (Hagen) (EMBL)

Trainees
Andre Karlen* (Lyngby) (DAAD)
Werner Meyer* (Hamburg) (EMBL)
Josef Rammer* (Linz) (DAAD)
Olle Wennberg* (Uppsala) (DAAD)
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Hindrik Elema
Norbert Hassler*
Patrique Labouesse
Pierre Lhuillier*
Herman Marsman
Pierre Perrot
Marie Posdiena
Petra Riedinger
Yves Sbrensen*
Reinhold Stricker
Nick Webster
Hans Wittmann

Carol Stettner
Luciano Pignotti
Alfons Riedinger
Georg Ritter
Kurt Stroh
Siegfried Winkler
Henrik Hauge (Copenhagen) (DAAD)

Mechanical Workshop
Hans Flbsser
Leo Burger
Philip Goodman
Mogens Kretzschmer
Gaetano Landomini*
Franz Peschl
Helmuth Schaar
Thomas Schlicksupp

Walter Schmitt*
Otto Wernz
Wolfgang Zengerling

Biochemical Instrumentation

Andreas Cafferty (Heidelberg)
Gabor Szebeny (Heidelberg)

Secretary
Ines Benner

Scientists
Wilhelm Ansorge X
Bernard Connolly*
Rainer Frank*
Akira Tsugita x

Fellows
Danielle Dalzoppo* (Padua) (Ital. Min. Educ.)
Masayuki Takahashi (Toulouse) (EMBO)

Predoctoral fellows
Peter Hohman (Heidelberg) (Univ. Heidelb.)
Hans-Werner Mewes* (Heidelberg)
(Biochem. Inst. I, Heidelberg)

Visiting workers
A. Burny* (Brussels)
S. Laland* (Oslo)
Lin Li* (Tubingen/China)
D. Silhol* (Montpellier)
A. Starzinski-Powitz* (Cologne)
J. Ugelstadt* (Trondheim)
K. Yamaoka* (Japan)
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Technical assistants
Rudolf van der Broek*
Joep Defesche*
Johann Gregory
Carl Jone*
Josef Stegemann*
Marcus Trosin*
Francis Vilbois*

Biological Instrumentation

Secretary
Ines Benner

Scientists
Rodrigo Bravo x
Giovanni Cesareni x
Marc Zabeau* x

Fellows
Luisa Castagnoli (Rome) (Cenci Bolognetti)
Rosetta Lacatena* (Rome) (EMBO)
Cosima Telford-Baldari* (Rome) (Univ. Rome)
Mariolina Tenchini* (Milan) (EMBO)
Hans Voss* (Utrecht) (EMBO)

Predoctoral fellows
Jurgen Alves* (Hannover) (Fonds Chem. Ind.)
Johan Botterman* (Gent) (FNRS)
Marc Cornelissen (Nijmegen) (Dutch Government)
Lydie Bougueleret* (Paris) (EMBL)
James Murray* (Cambridge) (EMBL)

Visiting workers
V. Larraga* (Madrid)
M. Ponzi* (Rome)
R. Rappuoli* (Siena)
M. Schwarzstein* (Brazil)
M. Sollazzo (Palermo)
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Technical assistants
Pat Blundell*
John Hughes
Paul Janssen*
Heather MacDonald-Bravo

Computer and
Applied Mathematics

Secretary
Ines Benner

Scientists, engineers
Heinz Bosshard x
Richard Bryan
Chris Carlson
Greg Hamm x
Dennis Iversen x
Roy Omond
Tony Pitt
Stephen Provencher x (Acting Senior Scientist)
Robert Vogel

Predoctoral fellows
Jurgen Glockner (Heidelberg) (EMBL)
Roland Kaplan (Heidelberg) (EMBL)

Trainees
Shai Eden* (Haifa) (DAAD)
Arie Keren* (Haifa) (DAAD)
Roy Lauer* (Haifa) (DAAD)

Visiting workers
D. Altschuh* (Strasbourg)
M. Beato* (Marburg)
A. Cato* (Marburg)
W. Deiman* (Heidelberg)
P. Dumas* (Strasbourg)
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T. Ferrin* (USA)
S. Hamodrakas* (Athens)
M. Levitt* (Rehovot)
D. Marvin* (Cambridge)
S. McGavin* (Dundee)
J.-R. Mellema* (Leiden)
D. Moras* (Strasbourg)
K. Namba* (USA)
H. Ohlenbusch* (Strasbourg)
M. v. Regenmortel* (Strasbourg)
C. Sander* (Heidelberg)
G. Stubbs* (USA)
E. Westhof* (Strasbourg)

Technical assistants
Erich Schechinger
Wolfgang Winkler

Data Library Group

Scientists, engineers
Greg Hamm x
Graham Cameron
Kurt Stuber*

Visiting workers
J. Devereux* (USA)
D. GuessQw* (Cologne)
U. Krawinkel* (Cologne)

Administrative assistant
Alexandra Rudloff

Reviewers
Judith Nial*
Gunter StbBer*
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Scientific Administration

Administration
Finance and Purchase

Scientific Administrator

Head

John Tooze (part-time)

Szilard Library

Eckart Weis

Finance
Johann Brandalik
Dagmar Flecker
Christina Kjar
Janette Reynolds
Petra Schmidt
Albert Stegmuller

Mary Holmes
Susan Mottram

Meetings secretariat
Frieda Leenart
Margarida Wasch

Purchase
Torben Poulsen

Photography

Roland Dopp
Catherine Le Pen
Gabriele Mastmeier

Claus Christensen
John Stanger*
Alan Summerfield*
Arnim Weischer

Stores
Horst Alsfasser
Hans Herzog
Tony Ismay
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Personnel and
General Services

Head
Konrad Muller

Personnel
Jean-Philippe Arnold*
Gabi Breun* (part-time)
Sybille Hofmeyer (part-time)
Carla Jenal-Eppinger
Lionel Melchior*
Wolfgang Rather
Elizabeth Williams

Telephonist
Anke von Bohl (part-time)
Diana Firth (part-time)
Heide Seifert (part-time)

Typing pool
Marianne Remy (part-time)
Diana Firth (part-time)
Heide Seifert (part-time)
Anne Walter*

Trainees
Marion Heger*
Caroline Thieblemont* (DAAD)
Susan Watson* (DAAD)
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Laboratory steward
Bodil Holle

- laboratory kitchens
Sigrid Friedl*
Martha Friedmann (part-time)
Lina Greulich*
Inge Hauck
Maria Hecker
Karin Herzog*
Margarete Kinzinger
Waltraud Kuhnle
Gerda Mack*
Ruth Pfisterer
Hedwig Probst (part-time)
Irene Schewiola
Elsa Schmidt
Milena Veckova
Regina Zalm*
- animal house
Annette Seibel
Peter Sommavilla
Jutta Wanitschke*
Building maintenance
Ernst Heinmoller
Wolfgang Buck*
Manfred Gieser
Norbert Hassler*
Egon Heer
Peter Keller*
Udo Kirsch
Helmut Kollenz
Walter Nachbar*
Bruno Rehling*
Willi Riedle
Abdullah Sulayici*

Driver
Erich Honig

Guesthouse caretaker
Laura Becker* (part-time)
Ria Probst* (part-time)

Daniela Ritter*
Eleonore Sandritter*
Maria-Elisabeth Tabeling*
Karin Wetterauer*

Gardeners
Ludwig Sandritter
Manfred Weingand

Supervisor of EMBL children at international school,
teachers languages courses at EMBL
Anne Cooper (part-time)
Line-Lucie Courtois* (part-time)
Heide Harney* (part-time)
Anne Kurschmer* (part-time)
Renate Maier* (part-time)
Jean-Margaret Stocker (part-time)
Barbara Weber* (part-time)

Security service
Hans Riemann*
Roland Balz*
Hans Bbhm*
Jurgen Jahnke*
Fritz Klose*
Klaus Komanns*
Josef Nawrat*
Werner Zipp*

Canteen
Claus Himburg*
Leo Becker*
Norbert Kilian*
Claudio Griseri*
Marion Gunther*
Ines Hbnicke*
Erika Leistner*
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Outstation at DESY, Hamburg

Bernd Robrahn
Harald Sammet

Fellows

Programme Coordinators
Juan Bordas* (Senior Scientist)
Michel Koch (Senior Scientist)

Secretaries
Elke Peters (part-time)
Diane Schmitz (part-time)

Scientists
Klaus-Sbren Bartels
Hans-Dieter Bartunik
Jules Hendrix
Christoph Hermes
Peter Laggner*
Grigore Nicolae*
Robert Pettifer*

Engineers and technicians
Christine Bendall
Peter Bendall
Herbert Borgwardt
Eric Dorrington
Thomas Gehrmann
Erika Jerzembek
Robert Klaring
Hans Ludwig
Joan MacKinnon*
Paul Moir-Riches
Viktor Renkwitz
Marius de Rijke*
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Wolfgang Hass (Hamburg) (EMBL)
Yuichiro Maeda* (Japan) (EMBO)
L1uis Perez-Grau (Madrid) (EMBO/EMBL)
Peter Wallace* (Glasgow) (DAAD)

Predoctoral fellows
David Foulis* (Australia) (EMBL)
Maria Carmen Vega (Madrid) (DAAD)

Trainees
Joachim Kuhl (Hamburg) (EMBL)
Sandra McLaughlin* (Glasgow) (EMBL)

Visiting workers
G. Air* (Australia)
S. Albracht* (Amsterdam)
I. Andersson* (Uppsala)
L. Anderson* (Gothenburg)
F. Andreasi* (Rome)
E. Arnold* (USA)
C. Balny* (Montpellier)
W. Bennett* (Boston)
C. Berthet-Colominas* (Grenoble)
C. Betzel* (Berlin)
P. Bjorkman* (Boston)
W. Bode* (Martinsried)
F. Borras-Cuesta* (Grenoble)
C.-I. Branden* (Uppsala)
B. Brenner* (Tubingen)
G. Buhner* (Berlin)
G. Buldt* (Berlin)
C. Chambillou* (Uppsala)
M. Collyer* (Australia)
P. Colman* (Australia)
A. Colosimo* (Rome)

M. Cuillel* (Grenoble)
J. Drenth* (Groningen)
H. Eklund* (Uppsala)
J. Erickson* (USA)
S. Erikson* (Gothenburg)
W. Faruqi* (Cambridge)
W. Folkhard* (Heidelberg)
E. Frankenberger* (USA)
R.M. Garavito* (Basel)
W. Geercken* (Heidelberg)
G. George* (Sussex)
G. Gilliland* (Gothenburg)
R. Goody* (Heidelberg)
B. Graves* (USA)
K. GOth* (Heidelberg)
M. Guss* (Australia)
U. Hahn* (Berlin)
H. Huxley* (Cambridge)
L. Incoccia* (Rome)
J. Jenkins* (Basel)
H. Kihara* (Heidelberg, Tokio)
S.H. Kim* (USA)
O. Kirstensen* (Stockholm)
W. Kleibohmer* (MOnster)
E. Knorzer* (Heidelberg)
K. Krause* (USA)
M. Kress* (Cambridge)
R. Ladenstein* (Martinsried)
P. Laggner* (Graz)
G. Laver* (Australia)
Zong-qi Li* (Martinsried)
O. Lindqvist* (Gothenburg)
J. Lowy* (Oxford)
Y. Maeda* (Heidelberg)
E. Mandelkow* (Heidelberg)
E.-M. Mandelkow* (Heidelberg)
W. Maret* (SaarbrOcken)
P. Matsudaira* (Cambridge)
B. Meyer* (Martinsried)
H. Michel* (Martinsried)
S. Mobilio* (Frascati)
H. Nolting* (MOnster)
A. Pahler* (Berlin)

F. Parak* (MOnster)
L. Perez-Grau* (Barcelona)
S. Perkins* (London)
M. Plon* (Berlin)
J. Porta* (Barcelona)
F. Poulsen* (Oxford)
M. Prysbylski* (Warrington)
R. Rapley* (Oxford)
R. Rigler* (Stockholm)
N. Roveri* (Bologna)
Z. Sayers* (Uppsala)
K. Schaupert* (Darmstadt)
A. Schierbeck* (Groningen)
M. Schneider* (Berlin)
G. Schneider* (Uppsala)
M. Shoham.* (Rehovot)
R. Simmons* (London)
U. Simonis* (MOnster)
L. Sjoelin* (Gothenburg)
R. Spohr* (Darmstadt)
G. Suarez* (USA)
K.H. Svendsen* (Copenhagen)
A. Svenson* (Gothenburg)
I. Tanaka* (Berlin)
R. Torensma* (Groningen)
G. Urbahn* (Mainz)
P. Vachette* (Orsay)
K. Volz* (USA)
J. Walker* (Martinsried)
M. Wojciechowski* (Heidelberg)
S. Xu* (Cambridge)
A. Yonath* (Rehovot)
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Outstation at ILL, Grenoble

Fellows
Jadwiga Chroboczek* (Warsaw) (EMBL)
Martine Cuillel (Grenoble) (EMBL)
Christiane Devaux (Grenoble) (EMBL)
Elisabeth Hewat (Grenoble) (EMBL)
Mehrnaz Katouzian-Safadi (EMBO)

Programme Coordinator
Bernard Jacrot (Senior Scientist)

Secretaries
Erica Heyl-Zeyen (part-time)
Maury Simms (part-time)

Scientists
Anita Bentley
Graham Bentley
Carmen Berthet
Francisco Borras-Cuesta
Stephen Cusack
Andre Gabriel
Jean-Claude Jesior
Reuben Leberman
Berna rd Schoot
Martin Zulauf

Technical assistants
Jean-Marie Bois
Jean Marc Ie Canut*
Francois Dauvergne
Marie-Therese Dauvergne
Mario Lentini
Dominique Madern*
Sylvie Moulherat*
Joseph Sedita
Annie Simon
Elisabeth Truche
Pierre Wattecamps*
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Predoctoral fellows
Bruno Antonsson (Heidelberg) (EMBL)
Alison Foote (Portsmouth) (EMBL)
Irene Mavridou (Grenoble) (Gre.n. Univ.)
Jean-Yves Sgro (Grenoble) (Gren. Univ.)
Kristian Weckstrom (Helsinki) (EMBL)

Trainees
Odile Allibert
Serge Claret*
Christine Rahm*

Medical service
Dorte Lehmann*

Visiting workers
J. Baldwin* (Portsmouth)
P. Bash* (USA)
N. Berovic* (Birmingham)
D.M. Blow* (London)
G. Bricogne* (USA)
C. Brooks* (USA)
B. Carpenter* (Portsmouth)
M. Corti* (Milan)
J. Davoust* (Heidelberg)
V. Degiorgio* (Pavia)
M. Delaye* (Orsay)
M. Delepierre* (Oxford)
P. Delzanne* (Grenoble)
J. Dubochet* (Heidelberg)
D. Engelman* (USA)

A. Favre* (Paris)
A. Furrer* (Zurich)
R.M. Garavito* (Basel)
E. Geisler* (Grenoble)
R. Giege* (Strasbourg)
O. Glatter* (Graz)
A. Hecht* (Grenoble)
D. Herbage* (Lyon)
K.e. Holmes* (Heidelberg)
P. Krijgsman* (Leiden)
J. Kruse* (Strasbourg)
J.-F. Legrand* (Grenoble)
K. Leonard* (Heidelberg)
D.M.J. Lilley* (Dundee)
B. Meier* (Zurich)
A. Miller* (Oxford)
D. Moras* (Strasbourg)
K. Nierhaus* (Berlin)
J. Parello* (Montpellier)
S. Perkins* (London)
A. Podjarny* (La Plata)
M.e. Ronziere* (St. Etienne)
M.G. Rossmann* (USA)
R.W.H. Ruigrok* (Leiden)
F. Rustichelli* (Ancona)
R. Thornhill* (Birmingham)
G. Trewholla* (USA)
E.N. Trifonov* (Rehovot)
D. Wade* (Grenoble)
J. Witz* (Strasbourg)

Scientific Advisory Committee

David Baltimore (USA)
David Blow (London)
Henri Buc (Paris) (Chairman)
Jan Drenth (Groningen)
Paolo Fasella (Brussels)
Alfred Gierer (Tubingen)
Ernst Helmreich (Wurzburg)
Michael Levitt (Rehovot)
Ole Maal0e (Copenhagen)
Fritz Melchers (Basel)
Alberto Monroy (Naples)
Jeff Schatz (Basel)
Manfred Schweiger (Innsbruck)
Robin Weiss (London)
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The Laboratory Council

Delegates and Advisers

Chairman

Prof. G. Kreil (Austria)

Vice-Chairmen

Prof. C. Saccone (Italy)
Dr. C. Patermann
(Fed. Rep. Germany)

Federal Republic of Germany
W. Franke
C. Patermann
H.Zachau
W. Mbnig

Chairman of the
Finance Committee
Vice Chairman of the
Finance Committee
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D. Noble, Esq.
(United Kingdom)

Dr. C. Ladage (Netherlands)

Austria

G. Kreil
H.Tuppy
M. Schweiger

Denmark

D. Clark
B. Sode-Mogensen
M. Simonsen

France

M. Stakic
J. Weil
R. Leclerc
M. Soriano

Israel

Y. Saphir

Italy

L. Alberghina
C. Saccone
G. Armento

Netherlands

J. Drenth
C.A. Ladage
E.C. Slater
R. Jungschlager

United Kingdom

B. Loder
D. Noble
J.E.A. Hay

Sweden

B. Daneholt
M. von Glehn
K. Straby

Switzerland

N. Roulet
O. Uhl
B. Ecoffey
G.-M. Pelican

Observers

-EMBO

B. Hirt
J. TOOZ8

EMBC

H.Tuppy

Greece

F. Kafatos
C. Krimbas

Iceland

B. Simonarsson

Norway

A. Andersen

Auditors (Switzerland)
W. Frei
F. Fassler
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Publications by Members of
the Laboratory - 1983

Armstrong, J., Smeekens, S. & Rottier, P. (1983).
Sequence of the nucleocapsid gene from murine coronavirus MHV-A59. Nucl. Acids Res., 11,883-891

B
Banner, D.W., Cesareni, G. & Tsernoglou, D. (1983).
Crystallization of the CoIE1 Rop protein. J. Mol. BioI.,
170, 1059-1060

A
Anderson, H. (1983).
TINS, 6, 251-253

Muscle

patterning

in

insects.

Ansorge, W. (1983). Auflosungsgrenzwerte auf ultradunnen Gelen. In Electrophorese Forum J83: ed.
Radola, B.J.; Technische Universitat Munchen, p. 129134
Ansorge, W. (1983). Fast visualisation of protein bands
by impregnation in potassium permanganate and silver
nitrate. Electrophoresis '82: ed. Stathakos, D.; Walter
de Gruyter, Berlin, p. 235-242
Ansorge, W. & Barker, R. (1983). High resolution
DNA sequencing system. Electrophoresis J82: ed.
Stathakos, D.; Walter de Gruyter, Berlin, p. 137-145
Appelt, K., Dijk, J., White, S., Wilson, K. & Bartels, K.S.
(1983). Proteins of the Bacillus stearothermophilus
ribosome: A low resolution crystal analysis of protein L30.
FEBS Lett., 160,72-74
Arber, W., Enquist, L., Hohn, B., Murray, N.E. & Murray, K.
(1983). Experimental methods for use with Lambda. In
Lambda II: ed. Hendrix, R.W. et al. Cold Spring
Harbor Laboratory, p. 433-466
Armstrong, J., Brown, R.S. & Tsugita, A. (1983).
Primary structure and genetic organization of phage T4
DNA ligase. Nucl. Acids Res., 11,7145-7156
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Bartunik, H.D. (1983). Low temperature and timeresolved protein crystallography using synchrotron radiation. Nucl. Instrum. Methods, 208, 523-533
Bassemir, U.K. & Strausfeld, N.J. (1983). Block
intensification and x-ray microanalysis of cobalt-filled
neurons for electron microscopy. In Functional Neuroanatomy: ed. Strausfeld, N.J.; Springer Verlag, Berlin,
p.19-43
Bassemir, U.K. & Strausfeld, N.J. (1983). Cytology
of cobalt-filled neurons in flies: cobalt deposits at
presynaptic sites, mitochondria and the cytoskeleton.
J. Neurocytol., 12,949-970
Bentley, G.A., Delepierre, M., Dobson, C.M., Wedin,
R.E., Mason, S.A. & Poulsen, F.M. (1983). Exchange
of individual hydrogens for a protein in a crystal and in
solution. J. Mol. Bio!., 170,243-247

Bentley, G.A., Finch, J.T., Lewit-Bentley, A. & Roth,
M. (1983). The crystal structure of the nucleosome core
particle by contrast variation. In Neutrons in Biology:
Proc. 32nd Brookhaven Symposium: ed. Schoenborn,
B.P; Plenum Press, New York, p. 105-118
Bohnert, H.J., Michalowski, C., Koller, B., Delius, H.,
Mucke, H. & Loeffelhardt, W. (1983). The cyanelle
genome from Cyanophora paradoxa. In Endocytobiology II: ed. Schenk, H.E.A. & Schwemmler, W.; De
Gruyter, Berlin, p. 433-448

Bordas, J., Dodson, G.G., Grewe, H., Koch, M.H.J.,
Krebs, B. & Randall, J. (1983). A comparative assessment of the zinc-protein coordination in 2Zn-insulin as
determined by x-ray absorption fine structure (EXAFS)
and x-ray crystallography. Proc. Roy. Soc., London,
B, 219, 21-39
Bordas, J., Koch, M.H.J., Hartmann, H.-J. & Weser, U·.
(1983). The Cu-thiolate chromophore of Cu-thionein.
Inorg. Chem. Acta (Bioinorganic Chemistry), 78,
113-120
Borkhardt, B. & Delius, H. (1983). Physical map of the
mitochondrial DNA from the phycomycete Allomyces
macrogynus including the position of the ribosomal
RNA genes and of an intervening sequence in the large
rRNA gene. Current Genet., 7, 327-333
Borras-Cuesta, F. (1983). Use of models in understanding the mechanism of action of haemoglobin. Internat.
J. Bio!. Macromo!., 5, 66-82
Bossi, L. (1983). Context effects: translation of UAG
codon by suppressor tRNA is affected by the sequence
following UAG in the message. J. Mol. Bio!., 164,
73-87
Boulay, F., Lauquin, G.J.M., Tsugita, A. & Vignais,
P.V. (1983). Photolabeling approach to the study
of the topography of the atractyloside binding site in
mitochondrial adenosine 5'-diphosphate/adenosine 5'triphosphate carrier protein. Biochemistry, 22, 477-484
Boyd, J., Burton, D.R., Perkins, S.J., Villiers, C.L.,
Dwek, R.A. & Arlaud, G.J. (1983). Neutron scattering
studies of the isolated C1 r2 C1 S2 subunit of first component of human complement in solution. Proc. Nat.
Acad. Sci., USA, 80, 3769-3773
Bravo, R. (1983). Two-dimensional gel electrophoresis:
A guide for beginners. In Two-dimensional Gel Electrophoresis: Methods and Applications. ed. Celis, J.E.
& Bravo, R.; Academic Press, New York, p. 3-36

Bryan, R.K., Bansal, M., Folkhard, W., Nave, C. &
Marvin, D.A. (1983). Maximum-entropy calculation of
the electron density at 4A resolution of Pf1 filamentous
bacteriophage.
Proc. Nat. Acad.
USA, 80,
4728-4731
Buras, B.N., Fourme, R. & Koch, M.H.J. (1983). X-ray
diffraction - principles and applications. In Handbook
of Synchrotron Radiation: ed. Eastman, D.E. & Farge,
Y., Vol. 1., ed. Koch, E.E.; Elsevier/North-Holland,
Amsterdam, p. 1015-1090
Burke, B., Tooze, J. & Warren, G. (1983). A monoclonal antibody which recognizes each of the nuclear
lamin polypeptides in mammalian cells. EMBO J., 2,
361-367
Burke, B., Walter, C., Griffiths, G. & Warren, G. (1983).
Viral glycoproteins at different stages of intracellular
transport can be distinguished using monoclonal antibodies. Eur. J. Cell Bio!., 31,315-324
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Chang, J.-J., McDowall, A.W., Lepault, J., Freeman,
R., Walter, C.A. & Dubochet, J. (1983). Freezing,
sectioning and observation artefacts of frozen hydrated
sections for electron microscopy. J. Microsc., 132,
109-123
Ciliberto, G., Castagnoli, L. & Cortese, R. (1983).
Transcription by RNA polymerase III. Current Topics
in Developmental Biology, 18, 59-88
Colantuoni, V., Romano, V., Bensi, G., Santoro, C.,
Costanzo, F., Raugei, G. & Cortese, R. (1983). Cloning
and sequencing of a full length cDNA coding for human
retinol binding protein. Nuc!. Acids Res., 11, 77697776
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K. (1983). On the structure of the hepatitis B virus
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a new family of single-stranded plasmids. Nucl. Acids
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(1983). Structural studies of adenovirus type 2 by
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